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modulation systems utilizing pulse overlapping tech-

nique to shape a baseband signal before carrier modula-

tion.
10
BACKGROUND OF THE INVENTION
The drive for acquiring good performance in
bandwidth and power efficiency of a modulation system
15 is continuous. As far as digital communications are

concerned, digital modulation schemes are needed. The
prior art in this field is as follows. Before the
1960's, at which time digital communications were only
limited to laboratory testings, radio engineers con-
20 sidered offset QPSK (or OQPSK, Offset Quadrature Phase
Shift Keying) as the most important digital modulation
scheme. In 1961, minimum shift keying (MSK) modulation
was introduced in U.S. Patent No. 2,977,417 as an
alternative method for OQPSK. OQPSK and MSK are also
25 disclosed in IEEE Trans. on Communications, Vol. COM-
24, No. 8 pp. 809-820, August 1976, by S.A. Gronemeyer
& A.L; McBride. Both MSK and OQPSK modulation are still

very widely used in many applications.
'Concerﬁing the bandwidth efficiency, neither
30 OQPSK nor MSK can compete with multiple level phase,
amplitude or their hybrid modulation schemes, such as
quadrature amplitude modulation QAM, and combined
amplitude-phase shift keying CAPSK. The multiple level
phase, amplitude or their hybrid modulations, however,
35  need a“relatiﬁgly'high signal-to-noise ratio (SNR) mar-
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On the other hand, PSK-type modulations, such as
OQPSK and MSK, have a relatively high power efficiency,
10 or robustness against channel noise; the only weakness
in PSK-type modulations is their relatively low band-
width efficiency. '
If we define the PSD (power spectral density)
main lobe for an OQPSK signal as the unit-normalized
15 bandwidth unit £T in an unit of Hz/bit/sec, then the
PSD main lobe for the MSK signal is 1.5 Hz/bit/sec. The
most serious problem in OQPSK and MSK modulations is
that their PSD side lobes decrease with the frequency
at a rather slow rate, approximately at 1/f? and 1/f*
20 for OQPSK and MSK, respectively. In most applications,
these PSD side lobe reduction rates are not sufficient
to limit the intersymbol interference (ISI) level under
a certain bandwidth, 'as reported in ICC 1981, pp.
33.4.1-33.4.5, by T. Le-Ngoc & K. Feher. In this sense,
25 both OQPSK and MSK modulations are not very bandwidth-
efficient. j
In order to incréase bandWidth efficiency, quad-
rature-overlapped raised cosine (QORC) modulation was
introduced in the 1980's, as disclosed in IEEE Trans.
30 on Communications, Vol. COM-29, No. 3 pp. 237-249,
March 1981, by M.C. Austin & M.U. Chang. OQRC modula-
tion is different from OQPSK and MSK modulations in
that it uses pulse overlapping technique to shape the
baseband signal before carrier modulation. Therefore,

35 it can use a wider pulse-shaping waveform in the time
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the tinme ISI requlrement QORC modulation needs less bandwidth
allocation than OQPSK and MSK modulations. This entails

10 an improvement in bandwidth efficiency.

The disadvantages of the prior art are as fol-
lows: The power efficiency of the prior PSK-type modu-
lations, such as OQPSK and MSK, is high, but their
bandwidth efficiency is low. For the multiple level

15 phase, amplitude or their hybrid modulations, the
bandwidth efficiency is high, but the power efficiency
is low. Further, when QORC modulation is considered,
the bandwidth efficiency is certainly improved, but the
envelope of the modulated signal is non-constant, and

20 the signal will suffer from BER degrading (power effi-
ciency loss) when applied to non-linear channels, such
as satellite communications or terrestrial microwave
relay systems which use TWTA as transmitter amplifiers.

25 OBJECTS AND SUMMARY OF THE INVENTION

Therefore, it is an objéct of the present inven-
tion to provide an improved modulation system which
avoids the afore-stated disadvantages and drawbacks.

30 Another object of the present invention is to
provide an improved modulation system which is prom-
inent in both detection efficiency and bandwidth effi-
ciency, which are required in most digital communica-
tions systems.

35 ' Yet another object of the present invention is
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: modulated signals, which can effectively improve the
power efficiency in non-linear channels, such as satel-
lite communications and terrestrial microwave relay

10 systems.

The performance of the new modulation system has
been compared with reported modulation techniques, such
as OQPSK, MSK and quadrature-overlapped raised cosine
(QORC) modulations. The results of the comparisons show

15  that the new modulation techniques can be used in
almost any digital communications system, replacing the
previous tedhniques to ensure more efficient use of
valuable radio spectrum.

A further object of the present invention is to

20 provide a promising modulation system for applications
such as Trunk digital globél satellite communication
networks, Very Small Aperture Terminal (VSAT) communi-
cation networks, Terrestrial digital microwave communi-
cation links, and Digital mobile radio communication

25 systems.

A further object of the presenﬁ invention is to
provide a promising modulation system for applications
such as Digital radio paging, Digital high-definition
television broadcasting, other digital radio services

30 which require a strict limit for out-of-band power
emission, and finally for applications such as Digital
commercial broadcasting services, e.g. high-quality
Digital Audio Broadcasting (DAB).

These new modulations are also suitable for

35 different multiple access communication systems (both
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Herein we disclose new modulations with even
higher bandwidth efficiency than that of QORC, vyet
maintaining a high power efficiency. Therefore, the
10 superiority of the new modulations in both bandwidth
efficiency and power efficiency will make them very
- welcomed alternatives to the prior modulations.
~ Various other objects, advantages and features
of the invention wilI become readily apparent from the
i5 detailed description and the drawings, and the novel
features will be particularly pointed out in the
claims. |
In order to achieve the above-mentioned objects,
the modulation system of the present invention suggests
20 the following four new quadrature-overlapped modula-
tions: quadrature overlapped triangular cosine (QOTC)
modulation, modified quadrature-overlapped triangular
cosine (MQOTC) modulation, quadrature-overlapped cosine
convolution (QOCC) modulation, and modified quadrature-
25 overlapped cosine convolution (MQOCC) modulation. They
also use the pulse overlapping technique in the pulse
shaping procedure prior to the carrier modulation.
Therefore, the working principle is similar to QORC
modulation which uses raised cosine function as its
30 pulse shaping waveform (PSW). The most important aspect
of the new modulations is their unique PSWs employed in
their modulétors.
In order to realize the afore-mentioned objects,
QOTC modulation uses as its pulse shaping waveform
35 (PSW) a combination of a triangular and a cosine func-
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" which uses as its PSW simple raised cosine function, we

can see the delicacy in the derivations of these new

10 modulations. Specifically these widely different PSWs

used in the new modulations result in much more favor-

able bandwidth efficiency and power efficiency. At the

same time, the modulator structures for these new

modulations are almost exactly the same as that for

15 QORC modulation, except for the different pulse shaping

filters, which are the key elements in determining

overall system performance.

BRIEF DESCRIPTION OF THE DRAWINGS

20
FIG. 1 shows a block diagram of a Quadrature-
overlapped triangular cosine (QOTC) modulator,
'FIG. 2 shows a block diagram of the QOTC demodu-
lator,
25 : FIG. 3 shows a time domain PSW for QOTC modula-
tion, _ .
FIG. 4 shows a time domain PSW for MQOTC modula-
tion, '
FIG. 5 shows a time domain PSW for QOCC modula-
30 tion, '

FIG. 6 shows a time domain PSW for MQOCC wmodula-
tion,
FIG. 7a shows PSDs for QOTC compared with PSD
for MSK,
35 FIG. 7b shows PSDs for MQOTC compared with PSD



commer ci al broadcasting services, e.g. high-quality Digital Audio
Broadcasting (DAB). These new nodul ations are also suitable for 35
different nultiple access comruni cati on systens (both 5 narrow band and
wi deband systens), such as Frequency division nultiple access (FDVA)
systems, Time division nultiple access (TDVA} systems, Code division

mul tiple access (CDVA) systens, or other spread spectrumsys- 5 t ens,
such as frequencyf%Fpgﬁgg (FH) and tinme-hopping (TH) systens. Herein we

di scl ose new nodul ‘Wi th even hi gher bandw dth efficiency than that of
QORC, yet mmintaining a Pigh powehofd i RSB CcYorTIROCEf crampaxdd ¥hth PSD
superiority of tngwpe$ﬁgﬁ?ulations I n both bandw dth efficiency and power
efficiency wll very wel coned alternatives to the prior
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I nvention w || becone reagllz apparent fromthe 15 detail ed description

and the dramﬁngs Lo thes features will be particularly pointed out

in the FIG. 8 shows out-of-band power (OOBP) for the
QOTC, MQOTC, QOCC, and MQOCC compared with OOBP for
MSK,

FIG. 9 shows the Peak absolute ISI level of QOTC
10 modulation,
FIG. 10 shows BER versus r, and ry for QOCC and
QORC modulations,
FIG. 11 shows a signal vector diagram for QOCC
modulation,
15 FIG. 12 shows the Eye pattern for QOTC modula-
tion.
FIG. 13 shows a block diagram of a QOTC pulse

shaping generator.
20 DETAILED DESCRIPTION OF THE DRAWINGS

In accordance with the invention, the four new
modulations are named as
1) Quadrature-overlapped triangular cosine modulation
25 (QOTC) -
2) Modified quadrature-overlapped ﬁriangular cosine
modulation (MQOTC) .
3) Quadrature-overlapped cosine convolution modulation
(QOCC), and
30 4) Modified quadrature-overlapped cosine convolution
modulation (MQOCC).
_ The four new modulations are divided into two
different groups:
1) first group: QOTC and MQOTC modulations
35 2) second group: QOCC and MQOCC modulations.
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the second order receiver.

—_

The modulator in Fig. 1 comprises a serial/
parallel converter block 1, an offset delay block 2,
Waveform Shaping Filters 3 and 4, two multiplication

10 units 5 and 6, a carrier generator 7, a phase shifter
block 8, an addition unit 9, and a transmitter filter
10. The demodulator in Fig. 2 comprises a receiver fil-
ter 11, two multiplication units 12 and 13, a carrier
generator 14, a phase shifter 15, two match filters 16

15 and 17, two decision threshold blocks 18 and 19, a
delay block 20, and a parallel/serial converter 21. The
modulator and demodulator comprises two channels, I
channel and Q channel.

The modulation systems of Figures 1 and 2 are

20 quite nofmal, but according to this invention, their
Waveform Shaping Filters are unique.

In this modulation method, the word "staggered"
means that the data sequence in the Q channel is
delayed for the time duration T=T relative to that in

25 the I channel. One single—shéped pulse from the "wave-
form shaping filter" (WSF) 3 or 4 is g(t), which is
defined in the duration (0, 4T). |

The original input data seqﬁence- a is first
separated into even b and odd b' subsequences at the

30 "gerial/parallel converter" 1, and the b' subsequence
‘will be delayed in the delay block 2 for the time du-
ration t=T because of the staggering requirement. It
is assumed that the data bit réte in the original input
a is 1/T. Therefore, the bit duration in either I or Q
35 channel will be 2T. The output of one single pulse g(t)



version of the triangular and cosine functions, QOCC nodul ati on uses as its
PSW#4 he convol ution of two identical cosine functions, and MJOCC nodul ati on
uses 5 as its PSWthe conbined, nore conplicated version of one-order

| i near and cosine functions. Therefore, as conpared with QORC nodul ati on
whi ch uses as its PSWsinple raised cosine fgnction, we can see the
delicacy in the derivations of these new 10 nodul ations. Specifically
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shows a tine donuiandPIdtiear oRPTEheDdliRaltisnfed to the bandpass filter-
ing in block 10 to limit out-of-band power emission. An

inverse process exists in the demodulator unit as shown
in Fig. 2 in blocks 11-21.

10 In Figures 1 and 2, the most important part is
the Waveform Shaping Filter (WSF) 3 and 4, the transfer
function of which is Hue(w), because Hy,(w) uniquely
determines the Power Spectral Density (PSD) of the
modulated signal. The superiority of the new modulation

15 techniques is also based on its special WSF design,
which can generate particularly shaped waveforms g(t)
in Fig. 1 and 2, which in turn make the modulated
signals efficient in the bandwidth.

The normalized PSW for the QOTC modulation is

20 given as follows:
t 1 It
5T ﬁSinT (0<t<2T)
g(t)= £ 1 et (1)
(2 - 7{?’) + ﬁsj'n_r (2T<t<47T)
25

where we can see that it consists of two components, a

triangular function

30 _t (0<£<27T)

g, (t) = ¢ (2)
2 - — (27<t<47T)
27

35 and a cosine function



FIG 4 shows a tinme domain PSWfor MYTC nodula- tion, FIG 5 shows a tine
domed n PSW for QOCC nodul a- 30 tion, FIG 6 shows a tine donmain PSWfor
NQOCC nodul a- tion, FIG 7a shows PSDs for QOTC conpared with PSD for MSK,

FI G 7b shows PSDs for MQUOTC conpared wi th PSD 7 for MK
FIG 7¢c shows PSDs f or QOCC conpared with PgD for MSK, FIG 7d shows PSDs
for MQOCC conpared with PSD 5 for the MoK, FIG 8 shows out-of - band

power (OOBP) for the ,1N££WCHtQOCC, and MQOCC conpared with OOBP for
MSK, FIG 9 shows the @gf | SI04tg@& of QOTC 10 modul ati on,
FIG 10 shows BERgyeét) r][ﬁp [err] for QOCC and (3)
(—) (2T7<t<47T)
211
5 Thus
g(t) = g,(t) + g,(t) (4)
10 The PSW (Pulse shaping waveform) for QOTC modu-

lation is shown in Fig. 3, from which we can see how
the PSW comprises two components, a triangular com-
ponent and a cosine component, which is the trigono-
metric component.

15 QOTC modulation relates to the Quadrature over-
lapping modulation method for modulating and shaping a
baseband data sequence, said data sequence having a
data bit rate of 1/T, comprising separating said base-
band data sequence into an even bit data sequence to a

20 first channel (I Channel) and an odd bit data sequence
to a second channel (Q Channel), délaying =T time said
even bit data sequence and said odd bit data sequence
relative to each other, shaping both said even bit data
sequence and said odd bit data sequence in a waveform

25 shaping filter, generating a carrier signal, and modu-
lating both said even bit data sequehcé and said odd
bit data sequéﬁce with said carrier sigmnal. According
to the principle of QOTC, in this method said data
sequences are shaped with a combination of a triangular

30 function and a trigonometric function before carrier
modulation. The pulse shaping according to the QOTC
principle can also be presented as a convolution bet-
ween the square pulse and the raised cosine signal.

MQOTC modulation relates to the Quadrature over-

35 lapping modulation method for modulating and shaping a



QORC nodul ations, FIG 11 shows a signal vector diagramfor QOCC

nodul ation, 15 FIG 12 shows the Eye pattern for QOTC nodul a-
tion. FIG 13 shows a bl ock diagram of a QOTC pul se shapi ng generator. 20
DETAI LED DESCRI PTI ON OF THE DRAW NGS I n accordance with the invention, the

four new nodul ations are named as 1) Quadrajyre-overlapped triangul ar
cosi ne nodul ation 25 (QOTC) 2) Modified quadrature-overl apped triangul ar

modul at f on (oo PRERgRTy “daly RSB T ARRLCK CHABAETHEIY | 8o
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2)second group:  EREE SAPNEIR AR o, braanouter rulREH B #oeri-
gonometric function before carrier modulation. The
5 pulse shaping according to the MQOTC principle can also
be presented as a convolution between the square pulse
and the QOTC PSW signal.
The normalized PSW for MQOTC modulation is given
as follows:
10

(e2 . L _sin? (ZE) (0<£5T)
212 oI T
2e _ _t?

_ _ i . ,, It
g(t) =1 - > 1+ Es:.n (T) (T<t<3T) (5)

15 2
_At + £ 4 8 - _1_sin2(._n.£) (31<t<47T)
T 272 2112 T

.

where we can see that the second order (raised to the
power of two) factors of rational and cosine terms are

20 used to form the PSW for the MQOTC modulation. Actu-
ally, equation (5) is a modified version of (1). There-
fore, we call it the modified QOTC (MQOTC) modulation.
The PSW (Pulse shaping waveform) for the MQOTC modula-
tion is shown in Fig. 4.

25 QOTC and MQOTC modulations have some points in
common. Both of them have ‘a sample level g(T)=
g(3T)=0.5, which indicates that the overlapping wave-
forms in both I and Q channels will have no "ripples".
The shapes for the PSWs of both modulations are "fat",

30 or the time width between g(T) and g(3T) is 2T, which
is advantageous in view of improving robustness against
an inaccurate sampling position which is due to timing
jitter at the receiver.

Q0CC modulation relates to the Quadrature over-

35 lapping modulation method for modulating and shaping a



8 I n considering the nodul ator and denodul ator structure for the new

nodui ations, Figures 1 and 2 illustrate the structure of staggered
guadr at ure-over- | apped nodul ati on systens. Fig. 1 shows a nodulator in 5

a transmtter and Fig. 2 shows a denodul ator in a receiver. The nodul at or
in Fig. 1 conprises a serial/ parallel convepter block 1, an offset delay
bl ock 2, Waveform Shaping Filters 3 and 4, two nultiplication 10 units 5

and & tranan it er SAAEERR (Ja0 BeaBaTRL, S¥1d) BREaCpeBieRrd AT b, .
fil- ter 11, two dakhi plxtcnatenoﬂnlt'r 1<20mp:1133ngaseaara@mgeﬁendt baS§4 a
Dot T e 5o, phY8 AR ADpbinbBhs 4fa%an o800 B saaleghatan booshol o
nodul at or and denﬁdubatohannebriseshannethaanélan oddhbibedatads@yueansel .
The TR o 80, YR cBlor ol hed 208 ANTD, apaih, 4 Bhgelhse
thi s nodul ati on newiked bithedaws séqiamgerani said odd bit data sequence
relative to each other, shaping both said even bit data
sequence and said odd bit data sequence in a waveform
shaping filter, generating a carrier signal, and modu-
10 lating both said even bit data sequence'and said odd
bit data sequence with said carrier signal. According
to the principle of QOCC, in this method said data
sequences are shaped with a convolution function of two

trigonometric functions.

15 The PSW for the QOCC modulation is given as
follows:
-]—‘sinE - ——t-:-cosE:- (0<t<27T)
I 2T 2T 27
20 g(t) =) "¢ ) It 1 it ) . (6)
— - — - =sin— T<t<4T
(2 ) cos > 1_IsJ.n 7 (2T<t<4T)

which is derived by convolution of two identical

25 cosine functions. This is the reason why the name of
QOCC modulation is used. The PSW of OQCC is shown in
Fig. 5.

MQOocCC modﬁlation relates to the Quadrature over-
lapping modulation method for modulating and shaping a
30 baseband data sequence, in which method said data
-sequences are shaped with a combination of a one-order
linear function and a trigonometric function. The pulse
shaping according to the MQOCC principle can also be
presented as a convolution between the trigonometric

35 function and the QOTC function.



means that the data sequence in the Q channel is delayed for the tine
duration [err] relative to that in 25 the I channel. One singl e-shaped
pul se fromthe "wave- formshaping filter" (WSF) 3 or 4 is g(t), which is
defined in the duration (0, 4T). The original input data sequence a is
first separated into even b and odd b' subsgqquences at the 30
"serial/parallel converter” 1, and the b' subsequence mﬁll be del ayed in

the delay block 2 for t [ dy- | [ ] b bea8ba9%em
requirenent. It is assuE@%étggw B%Egagégf%iﬁééate I'n he oP?g?%a i nput a
is 1/ T. Theref or e ardhd shigiviur ats dfolilroves t lett)l =or Q 35 channel will be
2T. The out put of one single pulse g(t) 9 fromthe WSF has a duration

AT. The sign of g(t) depends on the sign of the correspondi ng i nput data
bit to WsF. The overlapping pulses are fed into quadrature carrier

nDduIatorlggﬂigltlpllcat nunits 5 an 6 for 5 the carrier nodul ati on.
After thesi Eédgifggﬁn d later on, the signal is fed to the

bandpass_filt®fr--j ¢ fo<timhi t out - of - band power em ssion. An
15012 15112 I
Tsin 21t 128Tcos£ti 64 1’sin£‘i
_ T 2T _ 2r | 2(2r-t) (T<t<2T)
15112 15112 . 15112 nf e
rsin 22 ] VZTcos ((-5+ 7)) Wi i YT S R
15112 6112 30m? 10112 1)
. 210t It
_T51n r | 64Ts1n2T . 2 (47-t) (31eesam)
15112 15112 I
(7)
15

The above equation is not normalized. In oxder
to normalize (7), the normalizing factor 128T / 15 m?
should be used. The normalized PSW of MOQCC is shown in

20 Fig. 6. The obvious difference between the first group
and the second group of modulations is the shape of
their PSWs. The shabe for the PSW of QOCC modulations
is "slimmer" than the one of QOTC modulation. These
"gslimmer" PSWs are useful in improving BER degrading in

25 - non-linear channels.

From Fig. 1 we can see that, iﬁ order to obtain
the required PSWs g(t) at the output end of the WSFs,
the WSFs must have the correct frequency transfer func-
tions (FTFs) to generate the corresponding PSWs for

30 different modulations. Considering that the input

signal to the WSFs is always square pulses with the
duration 2T, we can derive the frequency . transfer
functions for all these four new modulations as fol-
lows:

35 For QOTC modulation, we have the following FTF:



i nverse process exists in the denmpbdul ator unit as shown in Fig. 2 in blocks
11-24. 10 In Figures 1 and 2, the nost inportant part is the
Wavef orm Shaping Filter (WSF) 3 and 4, the transfer function of which is
[err] (w), because [err] (w) uniquely determ nes the Power Spectral Density
(PSD) of the nodul ated signal. The superiori,t,y of the new nodul ati on 15
techniques is also based on its special WSF design, which can generate
particul arly shaped waveforns g(t) in Fig. 1 and 2, which in turn nmake the
nodul ated signals efficient in the bandw dth. The nornmalized PSWfor the

QOTC nodul ation is 20 given as follows: [err] 25 where we can see that
it consists of two conponents, a triangular function [err] 35 and a
cosi ne function 10 [err] _, mjor
H (@) = Slan) ( e ) (8)
WSF T 1——(‘2-;
5 : II

For MQOTC modulation, the following FTF is

obtained:
10
sin or
& e JoT
H_(®) = 2 (9)
sy (@) ( o7 Y oT
—_— 1-(—=)
2 211
15
For QOCC modulation, the FTF is
2 -jor
20 B (o) = S._coser e ) (10)
WSE 112 ( Slnﬁ)T) (1-( 2(01')2)2
0T II
For MQOCC modulation, the FTF is
25 _ (11)
sin(fgz)
g (@) = 15112 2 ' cos(eT) e 1oT
WsE 64 T ®T "L 0T, 20T, »
aded By (1= 2= 1- (=22
cos ( > Yy ( (zn) ) (- o )9
30

The FTFs given above are very important, since
in accordance with them we can easily synthesize the
corresponding filters (WSFs) for different modulations
by using various digital filter designing techniques,

35 such as FIR'énd IIR digital filters, in the frequency



5  Thus [err] 10 The PSW (Pul se shapi ng waveforn) for QOTC nodu-
lation is shown in Fig. 3, fromwhich we can see how the PSW conpri ses two
conmponents, a triangular com ponent and a cosine conmponent, which is the
trigono- netric conponent. 15 QOTC nodul ation relates to the

Quadr ature over- |apping nodul ati on et hod % r nodul ati ng and shaping a
baseband data sequence, said data sequence gving a data bit rate of 1/T,

conpri sing separating,said base- band data sequence int bj at a
sequence to a 20 90 FPstEﬂﬁgaﬂW“FP' et é%ﬂuP%ﬁF?ﬁéﬁ%§%5%§¥% E%agénce
to a seconddcha_ngﬁh d@g,_(jaa_g_namesgi&i@yim@dtimtfdrtlilmietsad:mdvermaﬂe imta
sequence and said o It data _seqyence . relatjve to each ofh '

both said even bi# &&§§°§@&G@h&§ RnﬂQP?Rquéiuééﬁdgg%q%%ﬁc% §ﬁ§§£29
wavef orm 25 shepireg dvditRippdaneratéfgras canr iche siigraldommih neilth a

| ating both said even bit data sequence_and said odd bit.data se n W th
sai d carri erSsi gn§PAtASdorRIRPY o RRYE pPYn RGHFE oF Cﬁ#éfhiihﬁﬂ% Etﬁ%ﬁ

sai d data sequencgggang skigPee Wirbh itOMabaalaeflonf sahiemeangyl anoBher,
function and a trigonofretric function before carrier nodul ati on. The pul se
shapi ng accor di ngWhgn: RECESFary -

In particular, for QOTC wmodulation we give a
QOTC pulse shaping waveform generator block diagram as

10 shown in Fig. 13. The figure thus presents the struc-
ture of the Waveform Shaping Filter, which comprises a
single cycle sine waveform generator 22, a delay block
23, a n phase shifter 24, a triangular waveform gener-
ator 25, two sign control blocks 26 and 27, and two

15 adder units 28 and 29.

In the block diagram of Fig. 13, there are two
exactly identical units. In each of them, the funda-
mental parts are a "single cycle sine waveform gener-
ator" 22 which produces the sine pulses with a fre-

20 quency of £=1/2T, and a "triangular waveform generator"
25 yielding triangular pulses with a frequency of
f=1/4T (2T is the binary bit duration in either I or Q
channel). When a single sine waveform is generated at
b, it will take two different paths. One is directly

25 into an adder unit 28. The other first delays 2T in the
delay block 23, then goes through a 5n phase shifter"
24 and is added together with the first one in the
adder unit 28, forming two back-to-back cosine wave-
forms.

30 The triangular waveform is generated in block
25. The binary data input sequence with the rate 1/2T
from either I or Q channel is first split by "serial/
parallel converter" 30 into two subsequences a and a',
both of which have the duration 4T. Subsequence a

35 controls the signs of the generated sine and triangular



principle can al so be presented as a convol ution bet- ween the square pul se
and the raised cosine signal. MYTIC nodul ation relates to the Quadrature
over- 35 | appi ng nodul ati on method for nodul ati ng and shaping a

baseband data sequence, in which nmethod said data sequences are shaped with
a second order version of said conbination qf a triangular function and a
tri- gononetric function before carrier nodulation. The 5 pul se shapi ng
according to the M i ncd pl : A S¢ oRvol 4ii Qi

bet ween t he squar@7 |3’1ﬁs'lcisée%t[“gé]ndi '?h%%s%gfﬁﬁgﬁsf$%§gn%§rrgfllazed PSW f or
MQOTC nodul ati on iedlsy veespensiblewsor 1o rigoeringed ogks: 32 sardt Rat fore
second order (raisged tq th t factors of rational and cosine
terms are 20 ufg&c{hc flblszm gh%g{ ng{mo\(l)grgﬁ'he MXOTC nodul ation. Actu- ally,
equation (5) is a nodifiThevenspuhsoffron .tHketwo Uprds wethel Uppert pae
oore codaas (VOTRI Y 1 88ks Th3 3VASVbAE BHRPIURPVGLE B Girel PO

added together by an adder unit 32 to form the final
QOTC-shaped pulse sequence which carries the input data
information. It is to be noted that the outputs from
the upper and lower units have the duration 4T, but are
10 staggered with each other by 2T. In this way, the
required overlapping waveform is produced.
The Power Spectral Density, PSD, functions for
the four new modulations are derived as follows. For
the QOTC-modulated signal:

15
PSD(®) = (Slan)4 1 (12)
o (1-(2f)y2
' I
20 For the MQOTC-modulated signalz
. DT
i sih—o 1
PSD(CO) - (Slnﬁ)T)z( 4 (13)
. or BT 1-(2h)22
2 211
25

For the QOCC-modulated signal:'



tionis shown in Fig. 4. 25 QOTrC and MQOTC nodul ati ons have sone
points in common. Both of them have a sanple level g(T)= g(3T)=0.5, which

i ndi cates that the overl apping wave- forns in both I and Q channels w |
have no "ripples". 'The shapes for the PSW of both nodul ations are "fat",
30 or the time width between g(T) and g(3%) is 2T, which is advantageous
in view of inproving robustness against an inaccurate sanpling position
which is due to timng jitter at the receiver. QOCC nodul ation relates to
the Quadrature over- 35 | appi ng nodul ati on method for nodul ati ng and
shapi ng a 12 baseband data sequence, said data sequence having a data
bit rate of 1/T, copprising sepdeati ng said base- band data sequence i to
an even bit data é?gﬁgﬂcé to az2bir gi, channel (1 Channel) and an odd Bfﬁ
data sequence 5 to a seéﬁﬁ&—ﬁﬁ nhel (Q Channel), delaying [err] time
said even bif data sequence and said odd bit data sequence relative to each
ot her, shaping both said even bit data sequence and said odd bit data
sequence in a waveform

For the MQOCC-modulated signal:

10

.. 0T
SlnT
PSD(®) = or ) 20T oT
LWl 2y2 4 W1 y242
> (1-( o )Y {(1-( 2H) )

2
cos“RT (15)

15

In all above PSD equations, ® is the angular
frequency offset from carrier. According to these
derived PSD expressions, the PSDs for the four new

20 modulations are plotted in Figs 7(a) to 7(d), where the
PSDs of the four new modulations are compared with that
of MSK.

In the above-mentioned PSD plots, the normalized
frequency offset from carrier £T is used with the unit

. 25 Hz/bit/sec. From these figures (Fig. 7(a) to 7(d)), we
can éee that all of the new modulations can provide
much faster rolling-off of their PSD side lobes than
MSK modulation.

Referring to Fig. 8, we now use another band-

30 width efficiency parameter, the out-of-band power
(OOBP), to cbmpare the new modulations with MSK modu-

lation. The out-of-band power level is defined as



shaping filter, generating a carrier signal, and nodu- 10 | ating both
sai d*even bit data sequence and said odd bit data sequence with said
carrier signal. According to the principle of QOCC, in this nethod said
data sequences are shaped with a convolution function of two trigononetric
functions. 15 The PSWfor the QOCCygodul ation is given as foll ows:
[err] which is derived by convolution of two identical 25 cosi ne
functions. This is the reason why the name of QOCC nodul ation is used. The
PSWof OQCC is shown in Fig. 5. MJCC nodul ation relates to the Quadrature
over- | appi ng nodul ati on nethod for nodul ati ng and shaping a 30 baseband
data sequence, in which nmethod saié data sequences are shaped with a

conbi nati on of a one-order |inear fﬁﬁ%?f%hd%nd a trigononetric function

The pul se shapi ng Bygd8) df 1§leg[1e Eeec—prihcid®le can al so be presedt®dd as

a convolutiog between the trigononefpss(@Phde function and the QOTC
function. -

where PSD(®) is the PSD of the modulated signal

10 and B is the one-sided bandwidth of the system. The

physical meaning of (16) is the amount of power left

outside a specific bandwidth B. Obviously, the more

power is left outside the band, the smaller the portion

of signal power that can be transmitted to the

15 receiver, or the more serious distortion will be intro-
duced in the demodulated signal.

The new modulations given here are promising
alternative digital modulation schemes, because they -
leave less power outside the assigned band than all the

20 other modulations shown here, as we can clearly see
from the out-of-band power levels shown in Fig. 8.

In Fig. 8, curve 8a represents OOBP for QOTC
modulation, curve 8b represents OOBP for MQOTC modula-
tion, curve 8c represents OOBP for QOCC modulation, and

25 curve 8d represents OOBP for MQOCC modulation. Curves
8a-8d should be compared with curve 8e  representing the
OOBP for MSK modulation. ' |

In order to.numerically compare the bandwidth

efficiencies, the one-sided bandwidth requirement for
30 different normalized PSD levels is shown in Table 1 for

different modulation schemes.



13 The PSWfor MJOCC has a nore conplicated formand is given as follows,
g(t)*=[err] (7) 15 The above equation is not nornmalized. In order to
normalize (7), the normalizing factor 128T / 15 [err] should be used. The
normal i zed PSWof MOQCC is shown in 20 Fig. 6. The obvious difference
between the first group and the second grouggof nodul ations is the shape of
their PSWs. The shape for the PSWof QOCC nodulations is "slimer" than the
one of QOTC nodul 311% ré 'J_[_hese.h sl&qg%ld? i’qé{‘“rel BN 19 8RR

degrading in 25 near a n.el see that, In

order to obtain t[Re S at Thp nm put—end of fhmp_s_t_he_
WEFs nust have the umm:xem f requency anmstm ONEHSIDEI BB IDFTRSY) t 0
generate thegcorr esPBEiF1g| Pesié fomsBO  okd f er entc numsMI‘at i opeCC  Mgocce
Consi-dering “that pS—fr=ery =St e—utses
with the duration|2T, e chr-drive-2edte fT-2Hlency Pt an&fiap fu?r&’c%‘*ons“ﬁf?
all these four new nodyl at{@ngsas §Qbsy | 08:a 0.3301  0.3341  0.3768  0.4192
-20 1.3406 0.6517 0.4124 0.4274 0.4305 0.5097 0.5648
-30 4.7987 1.1419 0.4631 0.7664 0.7901 0.5948 0.6538
10 -40 15.7714 2.51 0.6989 0.8623 0.8785 0.6517 0.7064
-50 49.283 4.4887 1.065 1.2426 1.4024 0.8517 0.9245
~-60 158.739 7.5661 1.6609 1.3763 1.712 1.1419 1.5058
-70 503.252 14.018 2.4137 1.8653 1.8168 1.6200 1.6308
-80 1591.25 25.001 3.6449 2.7927 2.4246 2.5100 1.693
15 ~-90 5032.75 44,031 5.3857 2.7673 2.8084 3.0876 2.4943
-100 15915.8 78.991 7.8884 4.816 3.7687 4.0903 2.6503

All data in the above table are obtained for g(t)
defined in the duration 4T, and the unit of £T is
20 Hz/bit/sec. One-sided bandwidth means that only the
side of the frequency offset from carrier is con-
sidered. If the other side of the frequency offset from
carrier is taken into account, then ali data in the
above table should simply be doubled.

- 25 The next factor to be analyzed for different modu-
lations is the ISI level, which is a result of the
limited bandwidth. In a digital communications system,
there are two main sources of interference responsible
- for system performance degrading. One is the additive

30 white Gaussian noise (AWGN) in the channel. The other
is the intersymbol interference (ISI) caused by the
modulated signaling itself on account of the finite
transmission bandwidth. Both of these are related to
the bandwidth efficiency performance of the modulation

35 scheme. Certainly, the narrower the filter bandwidth or
the wider the transmitted signal spectrum for a certain

data rate, the more serious the ISI will be. Therefore,



35 For QOTC nodul ati on, we have the foll ow ng FTF: 14 [err] 5
For MQOTC nodul ation, the followng FTF is obtained: 10 [err] 15 For QOCC
nodul ation, the FTF is [err] For MXOCC nodul ation, the FTF is 25

(11) [err] 30 The FTFs given above are very inportant, since in accordance
with themwe can easily synthesize the corrggponding filters (WsFs) for

di fferent nodul ations by using various digital filter designing techniques,

35 such as FIRfﬁ“ﬁé'§d¥é¥é§aegdét€53uéé]éhﬁmkﬂTﬁﬁﬁyysignal which
occupies less bandwidth, to reduce the ISI level. In
this sense, the new modulated signals introduced will
undoubtedly surpass all previously reported PSK-type

5 modulations in ISI performance.

The peak absolute ISI level is used here to
compare the ISI performance of various modulations. In
order to use dB values to measure the "peak absolute
ISI level"”, all side lobes are calculated in their

10 absolute values. The peak absolute ISI level for dif-
ferent modulations is shown in the following figures.

Fig. 9 presents the peak absolute ISI level of
QOTC modulation. In Fig. 9, the ISI levels at 25 sample
positions adjacent to the main lobe are presented. When

15 the system bandwidth is greater than k=£fT=2, the new
modulations obviously give'a much lower ISI, which
means that a lower BER performancé (if we assume that
BER is caused by ISI only) is to be expected with the
same system bandwidth than for the previous PSK-type

20 modulations.

The eye pattern for the new modulation QOTC is
given in Fig. 12. It can be seen that the eye pattern
for QOTC has wider horizontal openings than that of
QORC modulation normally has. This means that QOTC

25 modulation can better endure sample timing jitter at
the receiver. Thus, performance deééneration due to
imperfect synchronization will be less. Therefore, both
QOTC and MQOTC modulations are particularly suitable
for applications in a hostile radio environment that

30 is relatively harsh for accurate synchronization, such
‘as mobile communications in urban areas, military
communication systems, and satellite communications.
On the other hand, the horizontal eye openings for QOCC
and MQOCC modulations are not as wide as those for QOTC

35 and MQOTC modulations. Yet they have another very



15 domain. Furthernore, by nodern mcro-electronic tech- niques all these
new nodul ator units can be nade into a custom zed I C chip which includes
all these quadra- ture overl appi ng waveforns in the tine domain with a 5
control signal input by neans of which the user can easily shift from one
modul ati on schene to another, when necessaryg; In particular, for QOIC

nodul ation we give a QOTC pul se shapi ng waveform generator block diagram as

10 shown in Fi tl%, e ﬁéeﬁ{»@téﬁewﬁanaaﬁ@a@f pEie

Wavef or m Shapi ng conpr S ingle cl e sine waveform
generator 22, a d@h&phmeﬂ&:he ue?zrh?lpﬁuéeMﬂn#ﬂRﬁOEPPSEFQ¢|EEEUP&F‘

mavefornlgener- 3@%51 H%ﬂﬁ% aBfcB 7 .afNdat 11
adder units 28 an(tjig%r l‘%ﬂ’(‘:k |agram Fllg%6 ggct heanél g?e Woge

gxactly |dent|calqmmmunldathanﬂﬁamd1m¥ﬂnowaﬁ§fnﬁkﬂ¥ gEsheMS parts are a
R LSBT 1 e Bher gAY 4oL OL aZRa B P Say DOCEL BBl oS
25 yi el ding triandawtsd psigesl wish shdwrequenEygef 11. The signal vector
diagram of the modulated signal can display how the
envelope of the modulated signal will change with the
phase of the modulated signal. If the modulated signal
10 has a constant envelope, the signal vector diagram
should be a perfect circle. Otherwise, some other
diagram shape will appear. In some applications, a
constant envelope is very much required. For instance,
if applied to non-linear communication channels such
15 as satellite systems where a travelling wave tube
amplifier (TWTA) is used as a transmitter power ampli-
fier, the enveiope of the transmitting signal to the
channel should be as constant as possible in order to
reduce the effect of the non-linearity of the channel.
20 A certain parameter, the ratio p of the minimum envel-
ope amplitude to the maximum'envelope amplitude, can be
introduced to measure how seriously the envelope fluc-
tuates with time. The more severely the envelope fluc-
tuates with time, the smaller p will be.
25 We also give the other characteristic parameters
of the PSWs as follows. One is the a&erage power u of
the PSWs, which is defined as '

= —4 ( )
30 “ t)dt 25
4ng ( )

where g(t) (g(t)<l, 0<t<4T) is the normalized pulse-
shaping waveform. Another parameter is the normalized

35 sample value g(T). These three parameters p,u and g(T)



f=1/4T (2T is the binary bit duration in either I or Q channel). Wen a
singke sine waveformis generated at b, it will take two different paths.
One is directly 25 into an adder unit 28. The other first delays 2T in
t he delay bl ock 23, then goes through a "n phase shifter” 24 and is added
together with the first one in the adder unit 28, formng two back-to-back
cosi ne wave- forns. 30 The triangililFar waveformis generated I n
bl ock 25. The binary data in seguenc ith.the r

ut By ls I
or Q channel is fPFSt VERY; HBY*C3RF; é?/gﬁgéﬁP}B}ngoﬁﬁg %é%gr gggp%g
SUbfequnfﬁs a_andftheEmbﬂuDétﬁmehlhauhethendhiaéanncninnémbseqaewdéla 35
control s e signs of the gene sin nd tri angul ar f
the sign control gﬁo@W?Wﬂ;hﬁﬁﬁﬁéb(iq is ?%% PG rB?B?%eF%$33?¥§g§§?ﬁg'n
bl ocks 22 and 25 fekrenynaiddliatdion® i Ndsted 'Ehe'llalﬂrths. fromthe two

units (the upper one 5 i ncl udi ng bl ocks 22 to 29 and the | ower one 31)
are added together by an adder unit 32 to formthe final

Table 2. Three characteristic parameters for different
signalings

Modulation Envelope Average pulse Normalized sample
type ratio min/max power value g(T)

[ U (g(t) #0,0<t<4T)

10 QORC 0.7071 . 0.375 0.5
QOTC 0.7071 0.396659 0.5
MQOTC 0.7071 0.402472 0.5

QoOCC 0.8436 0.293318 0.318309

MQOCC 0.9041 0.269333 0.23631

15
From Table 2 we can see that, basically, the
four new modulations can be divided into two groups,
the first group including QOTC and MQOTC modulations
and the second group QOCC and MQOCC modulations. QOTC
20 and MQOTC modulations have Very similar characteristic
parameters, with small p and large p and g(T) values.
On the other hand, the second group, QOCC and MQOCC
modulations, displays quite different parameters. They
have a much higher level of p and smaller u and g(T)
25 than the first group. These Characteiistic parameters
for the two different groups are a result of the diffe-
rent shapes of their PSWs.
The BER (Bit Error Rate) performance for QOCC
modulation under non-linear setellite channels is given
30 in Fig. 10. In Fig. 10, r, and ry; represent the upper-
link and down-link SNRs in decibels. There are four
distinct separate clusters of curves in the figure,
indicating the four different down-link SNR values. As
discussed earlier, the BER performance of QOCC modula-



QOTC- shaped pul se sequence which carries the input data information. It is
to be noted that the outputs fromthe upper and |l ower units have the
duration 4T, but are 10 staggered with each other by 2T. In this way,
the required overl appi ng waveformis produced. The Power Spectral Density,
PSD, functions for the four new nodul ations e derived as follows. For the
QOTC-nodul ated signal: 15 [err] 20 or the MQOTC- nodul at ed

oo ohel o ed s ot M e R thatl Uil of QbRC ddililati diP uddir
any upper-link and down-link SNRs.

The new modulations can be divided into two

groups according to their PSW characteristic para-

5 meters. The analysis shows that QOTC and MQOTC modula-

tions are very suitable for applications where a relat-

ively hostile environment exists to prevent accurate

synchronization of timing, such as mobile communica-

tions in urban areas. The other group, QOCC and MQOCC

10 modulations, is particularly suitable for non-linear

communication channels, such as satellite communica-

tions and microwave relay systems using TWTA as trans-
mitter power amplifiers in their repeaters.

Even though the present invention has been

15 described with reference to particular embodiments

thereof, it is not to be so limited, as changes and

modifications may be made therein which are within the

full intended scope of the invention as defined by the

appended claims.



15 In all above PSD equations, [err] is the angular frequency offset from
carrirer. According to these derived PSD expressions, the PSDs for the four
new 20 nodul ations are plotted in Figs 7(a) to 7(d), where the PSDs of
the four new nodul ati ons are conpared with that of MSK. In the
above-nenti oned PSD plots, the normalized fhrgquency offset fromcarrier fT
Is used wwth the unit 25 Hz/ bit/sec. Fromthese figures (Fig. 7(a) to
7(d)), we can see that all of the new nodul ati ons can provide nuch faster
rolling-off of their PSD side |obes than MSK nodul ati onF Referring to o

8, we now use anot her band- 30 width efficiency parﬂm
out - of -band power (OEBP)in&io conpare the new nodul ation lﬁw mlcu ",
| ati on. The out-of-band power |evel is defined as Brr9y where s

PSD([err]) is the PSD of the nodul ated signal 10 and B is the one-sided
bandwi dth of gthe system The

1. Quadrature dverlapping modulation method for
modulating a carrier signal with a baseband data se-
quence, said baseband data sequence havihg the data bit
rate of 1/T where T represents bit duration of said

10 baseband data sequence in time, comprising
separating said baseband data sequence into an
even bit data sequence to an in-phase channel and an
odd bit data sequence to a quadrature channel,
delaying 1=T time said even bit data sequence and
15 said odd bit sequence relative to each other,
shaping both said even bit data sequence and said
" odd bit data sequence in a waveform shaping filter to
generate a shaped even bit data sequence and a shaped
odd bit data sequence, overlapping two consecutive data
20 bits by 2T in time in both said odd data bit sequence
and Said even data bit sequénce, wherein each data bit
after waveform-shaping in both said odd and said even
data sequences have a bit duration of 4T,
generating in-phase and quadrature carrier sig-
25 nals,' _
modulating said carrier signaln with both said
shaped even bit data sequence and said shaped odd bit
data sequence to generate a modulated output signal,
wherein, in said shaping step, said data sequences
30 are shaped with a combination of a triangular function
and a trigonometric function before carrier modulation.
2. The gquadrature overlapping modulation method
according to claim 1, in which method said shaping
before carrier modulation is performed by a pulse

35 shaping function g(t), where



physi cal neaning of (16) is th
bandw dt h B. Obviously, the no
smal l er the portion of signal
receiver, or the nore serious

e amount of power left outside a specific
re power is |eft outside the band, the
power that can be transmitted to the 15
distortion will be intro- duced in the

denodul at ed si gnal

alternative digital

The new nodul ations giv

here are prom sing

nodul ati on schenes,

because they | eave | ess power

outside the assigned band than all the 20
as we can clearly see fromthe out-of-band power

ot her

nodul ati ons shown her e,
| evel s shown in Fig. 8. 1In

Fig. 8, curve 8a represeﬁls.OGBglng_QOTC medksdy on, curve 8b represents
OOBP for MQUOTC no _{2Bn, 8Urve:$t represents OOBP for

and 25 curve 8d Tepr §enL§L P SRGULa{ i on.

shoul d be conpared wit etcurvé.'t' réﬁreserﬂtl ng the OOBP for [m H‘im “Ille)“uml
In order to gumerically conpare t he bandwi dth efficiencies, e one-si

bandw dt h reqU|renent

10

15

20

25

30

schenes.

3.
according to claim 1,

The quadrature overlapping modulation method
in which method the triangular
function and trigonometric function are single cycle
functions.

4. The quadrature overlapping modulation method
according to claim 1, in which method said data
sequences are shaped with a second order version of
said combination of a triangular function and a tri-
gonometric function before carrier modulation.

5.

according to claim 4,

The quadrature overlapping modulation method
in which method said shaping
before carrier modulation is performed by a pulse

shaping function g(t), where

t2 1 ., 0t
= e——sin“ (—) (0<t<T)
272 2112 T
) =128 - B2 _ 14 Lgint (I (me<3m)
GV Zp2 2172 T
2

At « . 8 - 1 s:_nz(——) {(3T<t<4AT)
| T 2r? 2112 :

(Formula 5)

6.

modulating carrier signals with a baseband data sequen-

Quadrature overlapping modulation method for

‘ce, said baseband data sequence having a data bit rate

35

of 1/T where T represents bit duration of said baseband
data sequence in time, comprising

separating said baseband data sequence into an

“ﬁﬁ different normalized PSD Ievels is shown in
Table 1 for differ&Rt™ dﬂlatlon



19 Table 1. The one-sided bandw dth requirenents for—different
nodul at i ons NORVALI ZED NORMALI ZED ONE- SI DED BAN?VW le PSD LEVEL

PSK MBK QORC QOTC MYOTC QOCC MQOCC -3 0.22 m
0.1904 0.1933 0.2124 0.2365 -10 0.369 0.5097 0O 1

0.3768 0.4192 -20 1.3406 0.6517 0.4124560.4274 0.4305 0.5097 0 5648
- 30 4. 7987 1 1419 0.4631 0.7664 0.7901 0.5948 0.6538 10 -40

157714 2.51 0. 6989 1868k 65125 Q98 nariieROdnaladio?
1.065 1.2426 1. 48’% 0. 8517 ao.%ﬁ%"‘fgo $8 38 75661 1 6600 13763

1.712 1.1419 1.8685birodataosepsente 682 RUAIRALUress3@INE13168 1. 6200
“90 5032, 75 44. 001 npepds0obonins Ralq Sxfalic’aaed seaybitelang, o
78.991 7.8884 4s58i6 o8drddr dat@gwqt@n@@ozematm &d reatqh_sm tabl e
i/ bi ] gec. Do si ded TR A ROshaRa [ SpeR per, 0264, RoGupLR Sha gaid 07
of fset from carri edd didoriata deemiendd imeaowmf@rMeSbapihg fidgewnty
R
di fferent nodu- odd bit data sequence, overlapping two consecutive data
bits by 2T in time in both said odd data bit sequence

10 and said even data bit sequence, wherein each data bit
after waveform-shaping in both said odd and said even
data-sequencés have a bit durgation of 4T,

generating in-phase and quadrature carrier sig-
nals, _

15 modulating said carrier signal with both said
shaped even bit data séquénce and said shaped odd bit
data sequence to generate a modulated output signal,

wherein, in said shaping step, said data sequehces
are shaped with a convolution function of two tri-

20 gonometric functions.

7. The quadrature overlapping modulation method
according to claim 6, in which method the trigonometric
functions are substantially identical half cycle cosine
functions.

25 8. The quadrature overlapping modulation wmethod
according to claim 6, in which method said shaping
before carrier modulation is performed by a pulse

shaping function g(t), where

30 isinE - icosE (0<t<271)
gl) = I 27 27 2T
(—t - 2)cos£1—t - —:Ilsin—]'_-IE (27<t<47T)
2T 27 I 2T

(Formula 6)

35



| ations is the 1Sl level, which is a result of the |
digital communications system there are two main sour
responsi bl e for system perfornmance degrading. One is t
whi te Gaussi an noise (AWGN) in the channel. The other’

b

interference (ISlI) caused by the nodul ated sjgnaling itself on account of
the finite transm ssion bandw dth. Both of these are related to the

bandwi dt h effici ency p%rf%'g%\n&ft el Q“a’eﬁg‘&’?&‘?ﬁ%"q&lﬂf‘?{ﬂgﬁgth&r talnly,

the narrower the filter ‘ban

or the w e transm si1 gnal

spectrum for a cermedwlating caryierhsigoardssvitbuz barebagid datla lgequen-

Ther ef or e, 20

Ikl S a e si,gpal '
occupi es | ess ban V\?Ht ﬁgq%iolarag: u%eglﬁﬁaﬁ{v%i% ﬁgtgﬁi Eggeﬁg\g@ t%i;fe lr(e.l\‘/v
nodul at ed si gnal s wieredlcedpresenbadbibt durptionpefs salild hasdhand ydata

reported PSK-typ
I SI level is’use

3 %Eﬁ%?#gguigiéﬂﬁé %§m+§§8%§§fornance. The peak absol ute

0 conparet formance of various

nmodul ations. In order tepasatdBgvataibd basekand edabe "seeplerxdssolinte an

10

15

20

25

even bit data sequence to a first channel and an odd
bit data sequence to a second channel,

delaying 1=T time said even bit data sequence and
said odd bit data sequence relative to each other

shaping both said even bit data sequence and said
odd bit data sequence in respective waveform shaping
filter,

generating in-phase and quadrature carrier sig-
nals,

=m.odulati_ng said in-phase and quadrature carrier
signals respectively with said shaped even bit data
sequence and said shaped odd bit data sequence to
generate a modulated output signal,

wherein, in said shaping step, said data sequences
are shaped with a combination of one order 1linear
function and trigonometric function.

10. The quadrature overlapping modulation method
according to claim 9, in which method said shaping
before carrier modulation is performed by a pulse

shaping function g(t), where



ISl level", all side |lobes are calculated in their 10 absol ute val ues.
The peak absolute ISl level for dif- ferent nodulations is shown in the
following figures. Fig. 9 presents the peak absolute ISl |evel of QOIC
nodul ation. In Fig. 9, the ISl levels at 25 sanple positions adjacent to
the main | obe are presented. Wen 15 thg system bandwi dth is greater
than k=fT=2, the new nodul ati ons obviously give a nuch ower 1SlI, which
nmeans that a | ower BER performance (if we assune that BER is caused by IS
only) is to be expected with the sane system bandw dth than for the
previous PSK-type 20 nodul ati ons. The eye pattern for the new nodul ation
éﬁF |ven in Fig. 12. It can be seen that the eye pattern for QOTC has
mnder orizontal openings than that of QORC nodul ati on normally has. This

means that QOTC 25 nmodul ati on can better endure sanple timngjitter at
the recei veragdhus, perfﬁgmance degeneration due to m,mm

synchr orfisz8tTpn wi 1341’9061-12'; ofherefore, both QOTC J H'NM‘"H ’I ons
are par Hedtgrty- st-tabte—f ﬁ?—ppmﬂa{ﬂ)ons in a hosti’l efrali 0" envi kOnnMent
that 30 135 relativefly harsh for accurate synchronization, such as

nmobi | e cqm&gfatl mfda,sLEI_Ban aqggﬁnEE mlitary conmunication systens, and

satel lite confinications, 2T _ 2T |, 2022T°8)  (piilom
1512 1512 15112 Il
rsin 2t Freos(m(t +l))  251rcosE  417sinBE
T 27 4 2T 2T 2(27-t)
- - - + {(2T<t<37)
15112 6112 30112 10IT? I
. 201t Iit
T'sin

64Ts:1.n2— 2 (4Tt
- T + T + (47-¢) (3T<t<4T)

151712 151712 a




On the other hand, the horizontal eye openings for QOCC and MXOCC :
nodul ations are not as wi de as those for QOTC 35 and MQOTC nodul ati ons.
Yet they have another very 21 unique feature originating fromtheir
particul ar PSW which wll be very hel pful in inproving the BER per-
formance in non-linear channels, such as satgylite communications and

m crowave relay systens. 5 ~ The signal vector diagramfor the new
QOCC- nodu- lated signal is shown in Fig. 11. The signal vector diagram of
t he nodul at ed signal can di splay how the envel ope of the nodul ated si gnal
wi || change with tAkesttes®e of the nodul ated signal. If the nodul ated signa
10 has a constant envel ope, the signal vector diagram should be a
perfect circle. Qtherw se, sone other diagram shape will appear. In sone
applications, a cdhsiuadratmrs oyerlappeimg mouladnion eabtiast fors el a+
applied to nen-1li c Lcatlon_c I 1 S | 10t

systens Wnerg a t%e?ligﬁgu\%gééa#gbg g%%?@gf%%}equseﬁﬁcsee?hgséﬂa tias a
transmtter power datpdibiti eatet b€ anTel dhe afetivd tsegmarattdas reg A gpisnd o

t he

data sequence into an even bit data sequence to a first
channel and an odd bit data sequence to a second chan-
nel, delaying by t=T time even bit data sequence and
10 the odd bit data sequence relative to each other. After
that, both the even bit data sequence and the odd bit
data sequence are shaped in a waveform shaping filter.
A carrier signal is generated and it modulates both
the even bit data sequence and the odd bit data sequen-
15 ce. The data sequences are shaped with a combination of
a triangular functioﬁ and a trigonometric function or
with a convolution function of two trigonometric func-

tions before carrier modulation.

This Sheet Has Been Rcﬁilced_

W



channel shoul d be as canstant as possible;in order to reduce the effect of
the non-linearity of the channel. 20 A certain paraneter, the ratio p of
the m ni num envel - ope anplitude to the maxi mum envel ope anplitude, can be
i ntroduced to neasure how seriously the envel ope fluc- tuates with tine.
The nore severely the envel ope fluc- tuates with tine, the smaltler p wll
be. 25 We al so give the ot her characteristic paraneters of the PSW
as follows. One is the avera 'ﬁ@ﬁna[err] of the PSWs, which is defined as
[err] where g(t) [err% i d | i zed pul se- shapi ng wavef orm Anot her

paranmeter is the nornabBiyzed 35 sampl e wal ue g(T). ngﬁe ﬁhree paraneters
[err] and g(T) 2‘ ; % pTTer t antc”i n det er mi ni ke tpower

ef ficiency of the m channels, as will be shown
her ei nbel ow. These {hr ¢ 3 i f- ferlent nDduIatlons are listed
in Table 2. Table 2 : gters for different
si gnal i ngs 9
1 0
a d - OUTPUT
DATA _ [SERIAL / PARALLEL CARRIER TRANSMITTER | O
INPUT CONVERTER GENERATOR FILTER
. ‘} 72 PHASE] 8
| OFFSET SHIFTER
zf DELAYT] g(t) SI N(ewt )
WAVEFORM
a1 SHAPING
X FILTER
b
L Q CHANNEL
I CHANNEL 8
12 )
b MATCH_ | | DECISION
EL gft) THRESHOLD ’ 20
cos@t) B BELAVT
- n
INPUT [Recerver] | | GARRIER PARALLEL /SERIA]_ DA
| 72 PHASE R Lo
SHIFTER
_ 17 19
SIN@t) )
MATCH | Joecision’

FILTER p>
TO g0 THRESHOLD

Q CHANNEL

FIG. 2



Modul-ati on Envel ope Average pul se Normalized sanple type ratio

m n/ frax power value g(T) p 2 [err] 10 QORC 0.7071
0. 375 . 0.5 QOrC 0.7071 0. 396659 0.5 MQOTC 0. 7071
0. 402472 0.5 QOCC 0. 8436 0. 293318 0. 318309 MXOCC
0.9041 - 0. 269333 0.23631 15 From Table 2 we can see that,

basi'cally, the folNVEWOREIVIQKTARE can be divided into two groups t he

first group incll@iq gt e—segomnd luu QOCC
and MQOCC nodul ati ohs. QPrC 2 3 ¢ odul 3+ ond hav ver si mjl ar
characteristic pararreteru, Wi h SITg p lafid | [exr]

arge 9@ On
t he ot her hand, Q.8efsecond ot € e MPOSEpdaicgt 1 On %gﬂ
quite di f f er ent par et eg s. T e A |nuch higher\l,e\ ?M%EE 'l er

ese (

+ hg d

[err] and g(T) 25 t hap t he ,gfro p. Tk harag er|<t|c dar andt er s
for the two dif {06 eht—grpups : di- \entl -shagdesof
their PSWs. The BER (Bit}{Erro pemAN@mgc\Ror QPCK. nddul ation ynder
non-linear satellitp chaphnel s{i & gijven ¢HMPONENTI. 1¢. XQ{Fig. |10, [jerr]
and [err] repregegtithe Uppor: : :
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i nk and down-1link SNRs in decibels. Therf
i ndi catTn

clusters.of curves in the figure,

SNR val ues.

down-1link SNRs. The
accordi ng gQvE

RESR R TGE

acteristic para-

are four distinct separate
g the four different down-1link
As di scussed earlier, the BER performance of QOCC nodul a-
tion is nuch better than that of QORC nodul ati on under any upper-1link and
new nodul ati ons can be divided into two groups

nmeters.

23

The anal ysi s shows

t hat QC)TC1 d nodula-" tions are veﬁpgatable for applications where
a rel at - ly host{le envifonment pxistg&APevept accurfate
synchroni zafi on of {inming, buch as pobil ¢ do ic@- tions in urbgn areas.
The ot her oup, QOEC and MXOCC 10 mydul [at i’on is partficularly suitablje
for non-19 COMTHTIT Tat T o Charnmeys; ,"bUL,i as satgH e o tde— oS
and m crowaye rel ay|systenms|using WA as tfrans\ m\ter éo_wer anrlifiers i{n
their repeafjers. Even thougp the gresént inventign 916 éhg]ﬂ( Q:E@);ri bgd
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and said even data bit sequence, wherein gach data bit after
wavef orm shaping in both said odd and sai d even data sequences have a bit
duration-of 4T, generating in-phase and quadrature carrier sig- 25 nal s,
nodul ating said carrier signal with both said shaped even bit data sequence
and said shaped odd bit data sequence to generate a nodul at ed out put

signal, wherein, in said shaping step, said data sequences 30 are shaped
with a conbination of a triangular function and a trigonometric function

bef ore carrier nodul a$i-Ra- glatlon net hod
according to claim1l, i Vmich met hod sai d shaping before cafrier )
nodul ation iZ® perforned by~a pul se.3fgsk shaping function g(t) Ffﬁer@d 25
[err] (Forana 1) 3. Th aﬁvﬁu e overl appi ng nodul ati on nmpt hod accor di ng
to claiml, £n whichsge ?t?e"tWﬁangular 10 function anfl trigononetric
function arq%single cyc : !? | BRI u.{}rzr;\! AAA A
i "},"l.':."q".'..,'\.o"..:‘:
o BEREREERERERRR R D
u | PREEEE N R N I A O O
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functions. 4. The quadrature overl appi ng nodul ati on nmethod according to
claima1, in which nmethod said data sequerfces are shaped with a second order
versi on .of 15 sai d conbination of a triangular function and a tri-
gononetric function before carrier nodulation. 5. The quadrature

over |l appi ng nodul ati on gethod according to claim4, in which nethod said

e

shapi ng before carrier noqulation Is perforned by a pul se 30 shapi ng

function g(t), where [err] (Forrmula 5) 30 6. Quady atjure overl appi ng
nodul ati on nethod for nod carri &QORG gnal s V\fd%dg)aseband dat a
sequen- ce, said basebapd Risia Seuenre—having—a—dat-dtbi-t—Hate of 1/ T where

T represents bit duration hd baselXNL dat a segue g i time,
NS T basebarQDRﬁltaCb’e(a c¢ into an 26

conprising 35 “esepal
even bit data sequefite to}an ase channetr—armd—amn it data sequence
Qoce FIG.10

to a quadrature chagwj_z R
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delaymng [err] tinme said even bit data sequence and sald odd bit data
sequence relative to each other, 5 ghaplng both said even bit data
sequence ‘and said odd bit data sequence in a waveform shaping filter to
generate a shaped even bit data sequence and a shaped odd bit data
sequence, overl apping two consecutive data bits by, 2T in tinme in both said
odd data bit sequence 10 and said even data bit sequence, wherein each
data bit after waveform shaping in both said odd and said even data
sequences have a bit duration of 4T, generating in-phase and quadrature
carrier sig- nals, 15 modul ating said carrier signal with both said
shaped even bit data sequence and said shaped odd bit data sequence to
generate a nodul at ed <&u step, said
data sequences are shapgd with a convolution function of t tri-"20
gononetric functions. 7y The quadrature overlapplng nodul at §on net hod
according to claim®6, 1 which nejhod i gonopetric fungtions are
substantially identical]half cy e0si ne functwy, 25 8. The
guadr ature overl appi ng podul aty met hod accordlﬁﬁitc claim6, in which
met hod said shaping0 5
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before carrier nodulation is perfornmed by_a pul se shaping function g(t),
wher& [err] (Fornula 6) 35 27 9. Cpadrgture over | appi ng nodul ati on

met hed fer nodul ating carrier signals with a baseband data sequen- ce, said
dat a sequence having a data bit rate of 1/ T where T represents bit duration
of said baseband data 5 sequenceg in time conprising separating said
baseband data sequence into an even bit data sequence to a first channel
and an odd bit data sequence to a second channel, delaying [err] tine said
even bit data sequENCE ANU~ IO ——sA T~ 0ddDIT Tala Sequence rerative

each ot her shapind both sZ2d even bi t ydat a sequence and said odd bit data
sequence in respecriye mgyef i i -
s oL
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nndu[élfﬁb”§§id I n-phase and quadrature carrier sﬁaﬁals respéctivefy W@Th
sai-d shaped even bit ~data sequence and sai d shaped odd bit data sequence to
generate a nodul ated out put signal, 20 . wherein, in said shaping
step, said data sequences are shaped with a conbination of one order |inear
function and trigononetric function. 10. The quadrature overl apping _
nodul ati on nmet hod according to claim9, in which nethod said shaping 25
before carrier nodulation is perfornmed by a pul se shaping function g(t),
wher e 28 [err] _ 29

ABSTRACT

QUADRATURE OVERLAPPING MODULATION SYSTEM

A quadrature overlapping modulation method for modulatiﬁg' and shaping a baseband data
_sequence which has'a data bit rate of 1/T. The method separates a baseband data sequence
into an even bit data sequence to a first channel and an odd bit data sequence to a second

chahnel, delaying by 1=T time even bit data sequence and the odd bit data sequence relative
to each other. After that, both the even bit data sequence and the odd bit data sequence are
shaped in a waveform shaping filter. A carrier signal is generated and it modulates both the
even bit data‘sequence and the odd bit data sequence. The data sequence are shaped with a.
combination ot_‘ a triangular function and a trigonometric function or with a convolution
function of two trigonometric functions before carrier modulation.- (Fig. 1, Fig. 2 & Fig. 13
are to be published.)
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