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MODULATION METHOD AND RADIO
COMMUNICATION SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions

made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a modulation method. This iven-
tion also relates to a radio communication system.

2. Description of the Related Art

Japanese published unexamined patent application
9-93302 discloses a digital radio communication system 1n
which a transmitted signal 1s composed of a stream of frames
cach having N successive symbols. Here, N denotes a prede-
termined natural number. In every frame, the first and second
symbols are pilot symbols of known data (fixed data), and the
pilot symbols are followed by (N-2) symbols representing,
main information to be transmitted.

In the digital radio communication system of Japanese
application 9-93302, since pilot symbols in every frame are
composed of fixed data and are not used 1n the transmission of
main information, they cause a decrease 1n the main-infor-
mation transmission rate.

SUMMARY OF THE INVENTION

It 15 a first object of this invention to provide a modulation
method which can prevent the occurrence of a decrease 1n an
information transmission rate.

It 1s a second object of this mvention to provide a radio
communication system which can prevent the occurrence of a
decrease 1n an information transmission rate.

A first aspect of this invention provides a method of modu-
lation which comprises the steps of periodically and alter-
nately subjecting an input digital signal to first modulation
and second modulation to convert the mput digital signal into
a pair of a baseband I signal and a baseband Q signal, the first
modulation and the second modulation being ditferent from
cach other; and outputting the pair of the baseband I signal
and the baseband Q signal.

A second aspect of this invention 1s based on the first aspect
thereol, and provides a method wherein the first modulation 1s
at least 8-signal-point modulation, and the second modula-
tion 1s phase shift keying.

A third aspect of this invention 1s based on the second
aspect thereot, and provides a method wherein the phase shiit
keying 1s quadrature phase shift keying.

A Tourth aspect of this invention 1s based on the third aspect
thereot, and provides a method wherein the quadrature phase
shift keying provides signal points on an I axis and a (Q axis in
an I-Q plane.

A fifth aspect of this invention 1s based on the second aspect
thereot, and provides a method wherein the at least 8-signal-
point modulation 1s at least 8 quadrature amplitude modula-
tion.

A sixth aspect of this invention 1s based on the fourth aspect
thereol, and provides a method wherein the at least 8-signal-
point modulation 1s at least 8 quadrature amplitude modula-
tion.

A seventh aspect of this invention 1s based on the fifth
aspect thereol, and provides a method wherein the at least 8
quadrature amplitude modulation 1s 16 quadrature amplitude
modulation.

10

15

20

25

30

35

40

45

50

55

60

65

2

An eighth aspect of this invention 1s based on the sixth
aspect thereof, and provides a method wherein the at least 8
quadrature amplitude modulation 1s 16 quadrature amplitude
modulation.

A ninth aspect of this invention 1s based on the fifth aspect
thereol, and provides a method wherein the at least 8 quadra-
ture amplitude modulation provides signal points which
result from rotation of signal points of at least 8-value normal
quadrature amplitude modulation through an angle of /4
radian about an origin 1n an I-Q plane.

A tenth aspect of this invention 1s based on the sixth aspect
thereol, and provides a method wherein the at least 8 quadra-
ture amplitude modulation provides signal points which
result from rotation of signal points of at least 8-value normal
quadrature amplitude modulation through an angle of m/4
radian about an origin in an I-Q plane.

An eleventh aspect of this invention 1s based on the seventh
aspect thereot, and provides a method wherein the 16 quadra-
ture amplitude modulation provides signal points which
result from rotation of signal points of 16-value normal
quadrature amplitude modulation through an angle of /4
radian about an origin 1n an I-Q plane.

A twellth aspect of this invention 1s based on the eighth
aspect thereot, and provides a method wherein the 16 quadra-
ture amplitude modulation provides signal points which
result from rotation of signal points of 16-value normal
quadrature amplitude modulation through an angle of /4
radian about an origin in an I-Q plane.

A thirteenth aspect of this invention 1s based on the second
aspect thereol, and provides a method wherein a maximum of
amplitudes corresponding to signal points of the at least
8-signal-point modulation 1 an I-Q plane 1s equal to an
amplitude of a signal point of the phase shift keying 1n the I-Q
plane.

A fourteenth aspect of this mvention 1s based on the sev-
enth aspect thereof, and provides a method wherein a distance
between signal points of the 16 quadrature amplitude modu-
lation 1n an I-Q plane 1s equal to a given value times a distance
between signal points of the phase shift keying i the I-Q
plane, the given value being 1n a range of 0.9 to 1.5.

A fifteenth aspect of this invention 1s based on the seventh
aspect thereof, and provides a method wherein a distance
between signal points of the 16 quadrature amplitude modu-
lation 1n an I-QQ plane 1s equal to twice a distance between
signal points of the phase shift keying 1n the I-Q plane.

A sixteenth aspect of this invention 1s based on the eighth
aspect thereof, and provides a method wherein a distance
between signal points of the 16 quadrature amplitude modu-
lation in the I-Q plane is equal to V2 times a distance between
signal points of the quadrature phase shift keying in the I-QQ
plane.

A seventeenth aspect of this mvention 1s based on the
second aspect thereof, and provides a method wherein the
phase shift keying providing periodically-spaced symbols
which represent corresponding portions of the mput digital
signal 1n terms of differences between phases of the periodi-
cally-spaced symbols.

An eighteenth aspect of this mvention i1s based on the
seventeenth aspect thereof, and provides a method wherein
the at least 8-signal-point modulation assigns logic states of
the mput digital signal to respective signal points for a first
symbol 1n response to a signal point used by a second symbol
of the phase shiit keying which precedes the first symbol.

A nineteenth aspect of this mvention 1s based on the sev-
enteenth aspect thereot, and provides a method wherein the at
least 8-s1ignal-point modulation 1s at least 8 quadrature ampli-
tude modulation.
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A twentieth aspect of this invention 1s based on the nine-
teenth aspect thereof, and provides a method wherein the at
least 8 quadrature amplitude modulation 1s 16 quadrature
amplitude modulation.

A twenty-first aspect of this mvention 1s based on the
nineteenth aspect thereol, and provides a method wherein the
at least 8 quadrature amplitude modulation provides signal
points which result from rotation of signal points of at least
8-value normal quadrature amplitude modulation through an
angle of /4 radian about an origin 1 an I-Q plane.

A twenty-second aspect of this invention 1s based on the
twentieth aspect thereotf, and provides a method wherein the
16 quadrature amplitude modulation provides signal points
which result from rotation of signal points of 16-value normal
quadrature amplitude modulation through an angle of /4
radian about an origin 1n an I-Q plane.

A twenty-third aspect of this ivention 1s based on the
seventeenth aspect thereof, and provides a method wherein
the phase shift keying 1s quadrature phase shift keying.

A twenty-fourth aspect of this mnvention 1s based on the
twenty-third aspect thereof, and provides a method wherein
the quadrature phase shift keying provides signal points on an
I axis and a Q axis 1n an I-Q plane.

A twenty-fifth aspect of this invention 1s based on the first
aspect thereol, and provides a method wherein the first modu-
lation 1s 16 quadrature amplitude modulation, and the second
modulation 1s quadrature phase shift keying.

A twenty-sixth aspect of this mvention 1s based on the
twenty-fifth aspect thereof, and provides a method wherein
the 16 quadrature amplitude modulation provides signal
points which result from rotation of signal points of 16-value
normal quadrature amplitude modulation through an angle of
/4 radian about an origin 1n an I-Q plane.

A twenty-seventh aspect of this invention 1s based on the
twenty-fifth aspect thereof, and provides a method wherein
the quadrature phase shift keying provides signal points on an
I axis and a Q axis 1n an I-Q) plane.

A twenty-eighth aspect of this invention 1s based on the
twenty-fifth aspect thereof, and provides a method wherein
the 16 quadrature amplitude modulation provides signal
points which result from rotation of signal points of 16-value
normal quadrature amplitude modulation through an angle of
/4 radian about an origin 1n an I-Q plane, and the quadrature
phase shift keying provides signal points on an I axis and a )
axis 1n the I-Q plane. A twenty-ninth aspect of this invention
1s based on the twenty-fifth aspect thereol, and provides a
method wherein a maximum of amplitudes corresponding to
signal points of the 16 quadrature amplitude modulation 1n an
I-Q plane 1s equal to an amplitude of a signal point of the
quadrature phase shift keying in the I-Q plane.

A thirtieth aspect of this invention 1s based on the twenty-
fifth aspect thereot, and provides a method wherein a distance
between signal points of the 16 quadrature amplitude modu-
lation 1n an I-Q) plane 1s equal to a given value times a distance
between signal points of the quadrature phase shift keying in
the I-Q plane, the given value being 1in a range of 0.9 to 1.5.

A thirty-first aspect of this invention 1s based on the twenty-
fifth aspect thereof, and provides a method wherein a distance
between signal points of the 16 quadrature amplitude modu-
lation 1n an I-Q plane 1s equal to twice a distance between
signal points of the quadrature phase shift keying in the I-QQ
plane.

A thirty-second aspect of this mvention 1s based on the
twenty-sixth aspect thereot, and provides a method wherein a
distance between signal points of the 16 quadrature amplitude
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4

modulation in the I-Q plane is equal to V2 times a distance
between signal points of the quadrature phase shift keying in

the I-Q plane.

A thirty-third aspect of this invention provides a transmis-
sion apparatus comprising first means for periodically and
alternately subjecting an imput digital signal to first modula-
tion and second modulation to convert the input digital signal
into a pair of a baseband I signal and a baseband Q signal, the
first modulation and the second modulation being different
from each other, the first modulation being at least 8-signal-
point modulation, the second modulation being phase shift
keying; and second means for outputting the pair of the base-
band I signal and the baseband Q signal.

A thirty-fourth aspect of this invention provides a reception
apparatus comprising {irst means for recovering a pair of a
baseband I signal and a baseband Q signal from a received
signal; and second means for periodically and alternately
subjecting the pair of the baseband I signal and the baseband
Q signal to first demodulation and second demodulation to
convert the pair of the baseband I signal and the baseband (@
signal 1nto an original digital signal; wherein the first
demodulation 1s for signals of at least 8 signal points modu-
lation, and the second demodulation 1s phase shift keying
demodulation.

A tharty-fifth aspect of this invention provides a radio com-
munication system comprising a transmission apparatus
including al) first means for periodically and alternately sub-
jecting an mput digital signal to first modulation and second
modulation to convert the input digital signal 1nto a pair of a
baseband I signal and a baseband Q) signal, the first modula-
tion and the second modulation being different from each
other, the first modulation being at least 8-signal-point modu-
lation, the second modulation being phase shift keying; a2)
second means for converting the pair of the baseband I signal
and the baseband ) signal generated by the first means 1nto a
corresponding RF signal; and a3) third means for transmitting
the RF signal generated by the second means; a reception
apparatus including b1) fourth means for recerving the RF
signal transmitted by the third means; b2) fifth means for
recovering a pair of a baseband I signal and a baseband Q)
signal from the RF signal recerved by the fourth means; and
b3) sixth means for periodically and alternately subjecting the
pair ol the baseband I signal and the baseband (Q signal
recovered by the fifth means to first demodulation and second
demodulation to convert the pair of the baseband I signal and
the baseband () signal into an original digital signal; wherein
the first demodulation 1s for signals of at least 8 signal points
modulation, and the second demodulation 1s phase shift key-
ing demodulation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a transmuitter in a radio com-
munication system according to a first embodiment of this
ivention.

FIG. 2 1s a block diagram of a modulator (a quadrature
baseband modulator) in FIG. 1.

FIG. 3 1s a block diagram of a receiver 1n the radio com-
munication system according to the first embodiment of this
invention.

FIG. 4 15 a block diagram of a quasi synchronous detector
in FIG. 3.

FIG. 51s a diagram of an arrangement of 16 signal points 1n
an I-Q plane which are provided by 16-value APSK.

FIG. 6 1s a diagram of an arrangement of signal points 1n an
I-Q plane which are provided by QPSK.

FIG. 7 1s a time-domain diagram of a symbol stream.
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FIG. 8 1s a bock diagram of a modulator (a quadrature
baseband modulator) in a transmitter 1n a radio communica-
tion system according to a second embodiment of this imnven-
tion.

FI1G. 9 1s a bock diagram of a quasi synchronous detector in
arecerver in the radio communication system according to the
second embodiment of this invention.

FIG. 10 15 a diagram of an arrangement of signal points in
an I-Q plane which are provided by 2°"QAM (2°"-value

QAM).

FIG. 11 1s a time-domain diagram of a symbol stream.

FI1G. 12 15 a diagram of an arrangement of signal points in
an 1-Q plane which are provided by 16QAM (16-value
QAM).

FIG. 13 1s a time-domain diagram of a symbol stream.

FIG. 14 1s a block diagram of a modulator (a quadrature
baseband modulator) 1n a transmitter in a radio communica-
tion system according to a fourth embodiment of this mven-
tion.

FIG. 15 15 a diagram of an arrangement of signal points in
an I-Q plane which are provided by QPSK.

FI1G. 16 15 a block diagram of a quasi synchronous detector
in a receiver 1n the radio communication system according to
the fourth embodiment of this invention.

FIG. 17 1s a block diagram of a modulator (a quadrature
baseband modulator) in a transmitter 1n a radio communica-
tion system according to a fifth embodiment of this invention.

FIG. 18 1s a block diagram of a quasi synchronous detector
in a recerver 1n the radio communication system according to
the fifth embodiment of this invention.

FIG. 19 15 a block diagram of a modulator (a quadrature
baseband modulator) 1n a transmitter in a radio communica-
tion system according to a seventh embodiment of this inven-
tion.

FI1G. 20 1s a block diagram of a quasi synchronous detector
in a receiver 1n the radio communication system according to
the seventh embodiment of this invention.

FI1G. 21 15 a diagram of an arrangement of signal points in
an 1-Q plane which are provided by 2°"QAM (2°"-value
QAM).

FIG. 22 1s a diagram of an arrangement of signal points in
an 1-Q plane which are provided by 16QAM (16-value
QAM).

FIG. 23 15 a block diagram of a modulator (a quadrature
baseband modulator) 1n a transmitter in a radio communica-
tion system according to a ninth embodiment of this mven-
tion.

FI1G. 24 15 a block diagram of a quasi synchronous detector
in a receiver 1n the radio communication system according to
the ninth embodiment of this invention.

FIG. 235 1s a time-domain diagram of a symbol stream.

FIG. 26 1s a diagram of the relation between the bit error
rate and the carrier-to-noise power ratio which 1s provided in
an eleventh embodiment of this invention, and the corre-
sponding relation 1n a prior-art system.

FIG. 27 1s a diagram of the relation between the bit error
rate and the carrier-to-noise power ratio which 1s provided in
a twellth embodiment of this invention, and the correspond-
ing relation 1n a prior-art system.

FIG. 28 1s a diagram of the relation between the bit error
rate and the carrier-to-noise power ratio which 1s provided in
a thirteenth embodiment of this invention, and the corre-
sponding relation 1n a prior-art system.

FI1G. 29 1s a diagram of the relation between the bit error
rate and the carrier-to-noise power ratio which 1s provided in
a fourteenth embodiment of this invention, and the corre-
sponding relation 1n a prior-art system.
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FIG. 30 1s a block diagram of a transmitter 1n a radio
communication system according to a fifteenth embodiment
of this invention.

FIG. 31 i1s a block diagram of a modulator (a quadrature
baseband modulator) 1n FIG. 30.

FIG. 32 1s a block diagram of a recerver 1n the radio com-
munication system according to the fifteenth embodiment of
this invention.

FIG. 33 1s a block diagram of a quas1 synchronous detector
in FIG. 32.

FI1G. 34 1s a diagram of an arrangement of 8 signal points in
an I-Q plane which are provided by 8PSK.

FIG. 35 1s a diagram of an arrangement of two signal points
in an I-Q plane which are provided by BPSK.

FIG. 36 1s a time-domain diagram of a symbol stream.

FIG. 37 1s a diagram of an arrangement of signal points of
BPSK, and logic states assigned thereto.

FIG. 38 15 a diagram of signal points of 8PSK, logic states
assigned thereto, and a first signal point of BPSK.

FIG. 39 15 a diagram of signal points of 8PSK, logic states
assigned thereto, and a second signal point of BPSK.

FIG. 40 1s a block diagram of a modulator (a quadrature
baseband modulator) 1n a transmitter in a radio communica-
tion system according to a sixteenth embodiment of this
ivention.

FIG. 41 1s a block diagram of a quasi synchronous detector
in a recerver 1n the radio communication system according to
the sixteenth embodiment of this invention.

FIG. 42 1s a diagram of an arrangement of signal points 1n
an I-Q plane which are provided by 2*"QAM (2°™-value

QAM).

FIG. 43 15 a diagram of an arrangement of signal points 1n
an I-QQ plane which are provided by 16QAM (16-value
QAM).

FIG. 44 1s a time-domain diagram of a symbol stream.

FIG. 45 15 a diagram of signal points of 16QAM (16-value

QAM), logic states assigned thereto, and a first signal point of
BPSK.

FIG. 46 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a second signal
point of BPSK.

FIG. 47 1s a block diagram of a modulator (a quadrature
baseband modulator) in a transmitter 1n a radio communica-
tion system according to a seventeenth embodiment of this
invention.

FIG. 48 1s a block diagram of a quasi1 synchronous detector
in a receiver 1n the radio communication system according to
the seventeenth embodiment of this invention.

FIG. 49 15 a diagram of an arrangement of signal points 1n
an 1-Q plane which are provided by 2°"QAM (2°"-value
QAM).

FIG. 50 1s a diagram of an arrangement of signal points 1n
an I-Q plane which are provided by 16QAM (16-value
QAM).

FIG. 51 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a first signal point of

BPSK.

FIG. 52 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a second signal
point of BPSK.

FIG. 53 1s a block diagram of a modulator (a quadrature
baseband modulator) 1n a transmitter in a radio communica-
tion system according to an eighteenth embodiment of this
invention.

FIG. 54 1s a block diagram of a quas1 synchronous detector
in a receiver 1n the radio communication system according to
the eighteenth embodiment of this invention.
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FIG. 55 1s a diagram of an arrangement of signal points in
an I-Q plane which are provided by QPSK.

FIG. 56 1s a time-domain diagram of a symbol stream.

FIG. 57 1s a diagram of signal points of QPSK, and logic
states assigned thereto.

FIG. 58 1s a diagram of signal points of 8PSK, logic states
assigned thereto, and a first signal point of QPSK.

FIG. 59 15 a diagram of signal points of 8PSK, logic states
assigned thereto, and a second signal point of QPSK.

FIG. 60 1s a diagram of signal points of 8PSK, logic states
assigned thereto, and a third signal point of QPSK.

FIG. 61 1s a diagram of signal points of 8PSK, logic states
assigned thereto, and a fourth signal point of QPSK.

FIG. 62 15 a block diagram of a modulator (a quadrature
baseband modulator) in a transmitter 1n a radio communica-
tion system according to a nineteenth embodiment of this
ivention.

FI1G. 63 15 a block diagram of a quasi synchronous detector
in a recerver 1n the radio communication system according to
the nineteenth embodiment of this invention.

FIG. 64 1s a time-domain diagram of a symbol stream.

FIG. 65 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a first signal point of
QPSK.

FIG. 66 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a second signal
point of QPSK.

FIG. 67 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a third signal point
of QPSK.

FIG. 68 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a fourth signal point
of QPSK.

FIG. 69 15 a block diagram of a modulator (a quadrature
baseband modulator) 1n a transmitter in a radio communica-
tion system according to a twentieth embodiment of this
ivention.

FI1G. 70 1s a block diagram of a quasi synchronous detector
in a recerver in the radio communication system according to
the twentieth embodiment of this invention.

FIG. 71 1s a diagram of an arrangement of signal points in
an I-Q plane which are provided by QPSK.

FIG. 72 1s a diagram of signal points of 8PSK, logic states
assigned thereto, and a first signal point of QPSK.

FI1G. 73 1s a diagram of signal points of 8PSK, logic states
assigned thereto, and a second signal point of QPSK.

FI1G. 74 1s a diagram of signal points of 8PSK, logic states
assigned thereto, and a third signal point of QPSK.

FI1G. 75 1s a diagram of signal points of 8PSK, logic states
assigned thereto, and a fourth signal point of QPSK.

FIG. 76 1s a block diagram of a modulator (a quadrature
baseband modulator) 1n a transmitter in a radio communica-
tion system according to a twenty-first embodiment of this
invention.

FI1G. 77 1s a block diagram of a quasi synchronous detector
in a recerver 1n the radio communication system according to
the twenty-first embodiment of this invention.

FI1G. 78 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a first signal point of
QPSK.

FI1G. 79 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a second signal
point of QPSK.

FI1G. 80 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a third signal point
of QPSK.

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 81 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a fourth signal point

of QPSK.

FIG. 82 1s a block diagram of a modulator (a quadrature
baseband modulator) in a transmitter 1n a radio communica-
tion system according to a twenty-second embodiment of this
invention.

FIG. 83 1s a block diagram of a quasi synchronous detector
1n a receiver 1n the radio communication system according to
the twenty-second embodiment of this invention.

FIG. 84 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a first signal point of
QPSK.

FIG. 85 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a second signal
point of QPSK.

FIG. 86 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a third signal point
of QPSK.

FIG. 87 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a fourth signal point
of QPSK.

FIG. 88 1s a block diagram of a modulator (a quadrature
baseband modulator) 1n a transmitter in a radio communica-
tion system according to a twenty-third embodiment of this
invention.

FIG. 89 15 a block diagram of a quasi1 synchronous detector
in a receiver 1n the radio communication system according to
the twenty-third embodiment of this invention.

FIG. 90 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a first signal point of
QPSK.

FIG. 91 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a second signal
point of QPSK.

FI1G. 92 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a third signal point
of QPSK.

FIG. 93 1s a diagram of signal points of 16QAM (16-value
QAM), logic states assigned thereto, and a fourth signal point
of QPSK.

FIG. 94 15 a diagram of relations between the bit error rate
and the ratio of the 1-bit signal energy “Eb” to the noise power
density “NO”.

(L]
Y

ERRED

DESCRIPTION OF THE PR.
EMBODIMENTS

In the following description, 2°"'-value QAM means
2°"QAM, and 16-value QAM means 16QAM and 16-value

APSK means 16APSK.

First Embodiment

FIG. 1 shows a transmitter 10 1n a radio communication
system according to a first embodiment of this invention.
With reference to FIG. 1, the transmuitter 10 includes a modu-
lator 12 and an RF (radio frequency) portion 15. The modu-
lator 12 1s defined and referred to as the quadrature baseband
modulator 12.

A digital signal to be transmitted (that 1s, an mput digital
signal or main information to be transmitted) 1s fed to the
quadrature baseband modulator 12. The device 12 subjects
the input digital signal to quadrature baseband modulation,
thereby converting the input digital signal into a pair of modu-
lation-resultant baseband signals, that 1s, a baseband I (1n-
phase) signal and a baseband Q (quadrature) signal. The
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quadrature baseband modulator 12 outputs the baseband I
signal and the baseband Q signal to the RF portion 185.

As 1s well known 1n the art, a pair of modulated baseband
I and Q signals 1s composed of (or contains) a stream of
modulated symbols. According to the invention, the quadra-
ture baseband modulator 12 outputs the baseband I and Q)
signals composed of a stream of modulated symbols as shown
in FIG. 7. FIG. 7 shows an arrangement of a symbol stream
according to the base concept of the invention. In FIG. 7, the
symbol stream 1s basically composed of first symbols having
been subjected to a first modulation scheme (16 APSK 1n the
specific example of FIG. 7) and periodically includes second
symbols having been subjected to a second modulation
scheme (QPSK 1n the specific example of FIG. 7) which 1s
different from the first modulation scheme. This enables a
receiver to use each of the second symbols as a pilot symbol
from which the amplitude distortion and the phase distortion
can be estimated for use in demodulation of the second sym-
bols following the first symbol. Many widely different
embodiments of the quadrature baseband modulator 12 can
be constructed. Some embodiments will be described 1n the
followings.

The RF portion 15 converts the baseband I signal and the
baseband ) signal into an RF signal through frequency con-
version which may include RF modulation. The RF portion
15 feeds the RF signal to an antenna 17. The RF signal 1s
radiated by the antenna 17.

As shown 1n FIG. 2, the quadrature baseband modulator 12
includes a 16-value APSK (amplitude phase shiit keying)
modulator 12A, a QPSK (quadrature phase shift keying)
modulator 12B, a reference signal generator 12C, and
switches 12D and 12E.

The APSK modulator 12A and the QPSK modulator 12B

receives the input digital signal. The device 12A subjects the
input digital signal to 16 APSK (16-value APSK modulation),

thereby converting the mput digital signal into a pair of a
baseband I signal and a baseband QQ signal. The APSK modu-
lator 12 A outputs the baseband I signal to the switch 12D. The
APSK modulator 12A outputs the baseband Q signal to the
switch 12E. The device 12B subjects the input digital signal to
QPSK (QPSK modulation), thereby converting the input
digital signal into a pair of a baseband I signal and a baseband
Q signal. The QPSK modulator 12B outputs the baseband I
signal to the switch 12D. The QPSK modulator 12B outputs
the baseband (Q signal to the switch 12E. The reference signal
generator 12C outputs a reference baseband I signal to the
switch 12D. The reference signal generator 12C outputs a
reference baseband Q) signal to the switch 12E. The output I
and Q signals from the reference signal generator 12C are
used 1n acquiring synchronization between the transmitter 10
and a recerver during an 1nitial stage of signal transmission.
The switch 12D selects one of the output I signal from the
APSK modulator 12A, the output I signal from the QPSK
modulator 12B, and the output I signal from the reference
signal generator 12C, and transmits the selected I signal to the
RF portion 15. The switch 12E selects one of the output O
signal from the APSK modulator 12A, the output QQ signal
from the QPSK modulator 12B, and the output Q signal from
the reference signal generator 12C, and transmits the selected
Q signal to the RF portion 15.

During an mnitial stage of signal transmission, the switch
12D selects the output I signal from the reference signal
generator 12C while the switch 12E selects the output O
signal from the reference signal generator 12C. During an
interval of time which follows the initial stage, the switch 12D
alternately selects one of the output I signal from the APSK
modulator 12A and the output I signal from the QPSK modu-
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lator 12B at a predetermined period, and transmits the
selected I signal to the RF portion 15. During the time interval
following the 1nitial stage, the switch 12F alternately selects
one of the output Q signal from the APSK modulator 12A and
the output Q signal from the QPSK modulator 12B at the
predetermined period, and transmits the selected Q signal to

the RF portion 15.

Accordingly, with respect to the mput digital signal, the
quadrature baseband modulator 12 alternately implements
the 16-value APSK modulation and the QPSK modulation at
the predetermined period.

FIG. 3 shows a receiver 20 1n the radio communication
system according to the first embodiment of this invention.
With reference to FIG. 3, the receiver 20 includes an RF
portion 22, calculators 25 and 26, and a quasi synchronous
detector 29.

An RF signal caught by an antenna 21 1s applied to the RF
portion 22. The RF portion 22 subjects the applied RF signal
to frequency conversion (which may include RF demodula-
tion), thereby converting the applied RF signal into a pair of
a baseband I signal and a baseband Q) signal. The RF portion
22 outputs the baseband I signal and the baseband Q signal to
the calculators 25 and 26, and the quasi synchronous detector
29.

The calculator 25 estimates an amplitude distortion
amount from the baseband I signal and the baseband Q) signal.
The calculator 25 informs the quasi synchronous detector 29
ol the estimated amplitude distortion amount. The calculator
26 estimates a frequency olifset amount from the baseband I
signal and the baseband Q) signal. The calculator 26 informs
the quasi synchronous detector 29 of the estimated frequency
olfset amount.

The device 29 subjects the baseband I signal and the base-
band Q signal to quasi synchronous detection responsive to
the estimated amplitude distortion amount and the estimated
frequency ofifset amount, thereby demodulating the baseband
I signal and the baseband Q signal into an original digital
signal. Thus, the quasi synchronous detector 29 recovers the
original dlgltal signal from the baseband 1 signal and the
baseband () signal. The quasi synchronous detector 29 out-
puts the recovered original digital signal.

As shown 1n FIG. 4, the quasi synchronous detector 29
includes a 16-value APSK demodulator 29A, a QPSK
demodulator 29B, and a switch 29C.

The APSK demodulator 29A and the QPSK demodulator
29B recerve the baseband I and QQ signals from the RF portion
22. In addition, the APSK demodulator 29A and the QPSK
demodulator 29B are informed of the estimated amplitude
distortion amount and the estimated frequency offset amount
by the calculators 25 and 26.

The device 29A subjects the baseband I signal and the
baseband Q signal to 16-value APSK demodulation respon-
stve to the estimated amplitude distortion amount and the
estimated frequency offset amount, thereby demodulating the
baseband I signal and the baseband Q signal into an original
digital signal. Thus, the APSK demodulator 29 A recovers the
original digital signal from the baseband I signal and the
baseband Q) signal. The APSK demodulator 29 A outputs the
recovered original digital signal to the switch 29C.

The device 29B subjects the baseband I signal and the
baseband Q signal to QPSK demodulation responsive to the
estimated amplitude distortion amount and the estimated fre-
quency offset amount, thereby demodulating the baseband 1
signal and the baseband Q signal into an original digital
signal. Thus, the QPSK demodulator 29B recovers the origi-
nal digital signal from the baseband I signal and the baseband
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Q signal. The QPSK demodulator 29B outputs the recovered
original digital signal to the switch 29C.

The switch 29C alternately selects the output digital signal
from the APSK demodulator 29 A and the output digital signal
from the QPSK demodulator 29B 1n response to a timing
signal (a frame and symbol sync signal), and transmits the
selected digital signal to a later stage. When the baseband I
and Q signals outputted from the RF portion 22 to the quasi
synchronous detector 29 correspond to a result of the
16-value APSK modulation, the switch 29C selects the output
digital signal from the APSK demodulator 29A. When the I

and Q signals outputted from the RF portion 22 to the quasi
synchronous detector 29 correspond to a result of the QPSK
modulation, the switch 29C selects the output digital signal

from the QPSK demodulator 29B.

For example, the APSK demodulator 29A 1includes an
amplitude correction circuit (an amplitude compensation cir-
cuit) and a frequency correction circuit (a frequency compen-
sation circuit). The amplitude correction circuit compensates
for an amplitude distortion of the baseband I signal and the
baseband Q signal in response to the estimated amplitude
distortion, thereby generating a first compensation-resultant
baseband I signal and a first compensation-resultant baseband
Q signal. The frequency correction circuit compensates for a
frequency oflset of the first compensation-resultant baseband
I signal and the first compensation-resultant baseband Q sig-
nal 1n response to the estimated frequency ofiset amount,
thereby generating a second compensation-resultant base-
band I signal and a second compensation-resultant baseband
Q signal. In the APSK demodulator 29 A, the second compen-
sation-resultant baseband I signal and the second compensa-
tion-resultant baseband Q) signal are subjected to the 16-value
APSK demodulation, being converted into the original digital
signal.

For example, the QPSK demodulator 29B includes an
amplitude correction circuit and a frequency correction cir-
cuit. The amplitude correction circuit compensates for an
amplitude distortion of the baseband I signal and the base-
band Q signal in response to the estimated amplitude distor-
tion, thereby generating a first compensation-resultant base-
band I signal and a first compensation-resultant baseband ()
signal. The frequency correction circuit compensates for a
frequency oflset of the first compensation-resultant baseband
I signal and the first compensation-resultant baseband Q sig-
nal 1n response to the estimated frequency offset amount,
thereby generating a second compensation-resultant base-
band I signal and a second compensation-resultant baseband
Q signal. In the QPSK demodulator 29B, the second compen-
sation-resultant baseband I signal and the second compensa-
tion-resultant baseband Q signal are subjected to the QPSK
demodulation, being converted into the original digital signal.

FIG. 5 shows an arrangement of 16 signal points 1n an I-Q)
plane which are provided by the 16-value APSK modulation.
In FIG. §, the 16 signal points are denoted by the reference
numeral “101”. The 16 signal points are assigned to 16 dii-
ferent logic values respectively. The positions (1,4, rcz-
Q,«.psr) Of the 16 signal points are given by the following
equations.

licapsk = hﬂ{ms(g)ms(];] — Siﬂ(%)sin(lj;]} + hlms(l%n] (D

] + Siﬂ(%)ms(l(;]} + hlsin( ] (2)
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= g
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where “k” denotes a variable integer; (h0, h1)=(0, g1) or (h0,
h1)=(g0, 0); “g0” and *“g1” denote predetermined constants
respectively; and the constant gl 1s greater than the constant
o). With reference to FIG. 5, the signal points on the Q axis
correspond to the maximum amplitude which 1s given by the
constant g1.

FIG. 6 shows an arrangement of signal points in an I-QQ
plane which are provided by the QPSK modulation. In FIG. 6,
the signal points are denoted by the reference numeral “201”.
The signal points are assigned to different logic values
respectively. The positions (I,pe, Qppszx) ©Of the signal
points are given by the following equations.

[,PSK = p{cms(g)ms(kg] — Siﬂ(;—r)sin(k;]} (3)

kr

QpPSK = P{CGS(E )51"(7] + sin(g)cms(li;]} (4)

e 27

where “K” denotes a vanable integer, and “p” denotes a pre-
determined constant. With reference to FIG. 6, all the signal
points correspond to a same amplitude given by the constant
“p”. In addition, all the distances between the neighboring
signal points are equal to a same value given by V2p. Further-
more, the signal points are spaced at equal angular intervals.
Accordingly, a QPSK modulation-resultant signal 1s suited

for detecting an amplitude distortion and a frequency oifset.

With reference to FIG. 7, a pair of the I signal and the
signal outputted from the quadrature baseband modulator 12
in the transmitter 10, or the RF signal outputted from the RF
portion 15 1n the transmitter 10 1s composed of a stream of
frames each having N successive symbols. Here, N denotes a
predetermined natural number. In every frame, the first sym-
bol results from the QPSK modulation, and the second and
later symbols result from the 16-value APSK modulation.
The first symbol 1n every frame (that 1s, the QPSK symbol 1n
every frame) 1s used by the receiver 20 as a pilot symbol for
estimating an amplitude distortion amount and a frequency
olfset amount. It should be noted that every pilot symbol also
carries a part of the main information to be transmitted.

In the receiver 20, the calculator 25 separates pilot symbols
(first symbols in frames) from the outputI and Q signals of the
RF portion 22 1n response to a signal (a frame and symbol
sync signal ) having a period corresponding to N symbols. The
calculator 23 estimates an amplitude distortion amount from
the separated pilot symbols. Similarly, the calculator 26 sepa-
rates pilot symbols (first symbols 1n frames) from the output
I and QQ signals of the RF portion 22 1n response to a signal (a
frame and symbol sync signal) having a period corresponding
to N symbols. The calculator 26 estimates a frequency offset
amount from the separated pilot symbols.

Preferably, the maximum amplitude gl provided by the
16-value APSK modulation 1s equal to the amplitude “p”
provided by the QPSK modulation. In this case, the amplitude
distortion amount and the frequency oiffset amount can be
accurately estimated.

The quasi synchronous detector 29 1n the recerver 20 1s
designed to implement the following processes. The quasi
synchronous detector 29 subjects the output I and Q signals of
the RF portion 22 to the QPSK demodulation and outputs the
QPSK-demodulation-resultant digital signal when the output
I and QQ signals of the RF portion 22 represent a pilot symbol.
The quasi synchronous detector 29 subjects the output I and Q
signals of the RF portion 22 to the 16-value APSK demodu-
lation and outputs the APSK-demodulation-resultant digital




US RE43,338 E

13

signal when the output I and Q signals of the RF portion 22
represent a normal symbol different from a pilot symbol.

Second Embodiment

A second embodiment of this invention 1s similar to the first
embodiment thereol except for design changes indicated
hereinatter.

As shown 1n FIG. 8, a modulator (a quadrature baseband
modulator) 1n a transmitter in the second embodiment of this
invention includes a 2°™QAM (2°"-value QAM or 2°"-value
quadrature amplitude modulation) modulator 12F instead of
the 16-value APSK modulator 12A (see FIG. 2). Here, “m”
denotes a predetermined integer equal to or greater than “2”.

As shown 1 FIG. 9, a quasi synchronous detector 1n a
receiver 1n the second embodiment of this invention imcludes
a 2°"-value QAM demodulator 29D instead of the 16-value
APSK demodulator 29A (see FIG. 4).

FIG. 10 shows an arrangement of signal points 1n an I-Q)
plane which are provided by 2°"-value QAM executed in the
QAM modulator 12F. In FIG. 10, the signal points are
denoted by the reference numeral “401”. The signal points are
assigned to different logic values respectively. The positions
Tpanr Qoaag) 0f the signal points are given by the following
equations.

(3)

lo.a~q(2" 'al+27 a2+ . . . +2%m)

Quanrq(2" ' b14272b2+ . . . +2%m) (6)

where “m” denotes a predetermined integer equal to or
greater than “27.(al, bl), (a2, b2), ..., (am, bm) are binary
codewords of “1” and “-1""; and “q” denotes a predetermined
constant. With reference to FIG. 10, specified ones of the
signal points correspond to the maximum amplitude which 1s
given as follows.

(27 1422y 429 2q

(7)

With reference to FIG. 11, a pair of the I signal and the Q
signal outputted from the quadrature baseband modulator 1n
the transmitter (see FIG. 1), or the RF signal outputted from
the RF portion in the transmitter 1s composed of a stream of
frames each having N successive symbols. Here, N denotes a
predetermined natural number. In every frame, the first sym-
bol results from the QPSK modulation, and the second and
later symbols result from the 2°™-value QAM. The first sym-
bol in every frame (that 1s, the QPSK symbol 1n every frame)
1s used by the receiver as a pilot symbol for estimating an
amplitude distortion amount and a frequency oifset amount.
It should be noted that every pilot symbol also carries a part of
the main information to be transmaitted.

Inthereceiver (see FIG. 3), the calculator 25 separates pilot
symbols (first symbols in frames) from the output I and
signals of the RF portion 22 in response to a signal (a frame
and symbol sync signal) having a period corresponding to N
symbols. The calculator 25 estimates an amplitude distortion
amount from the separated pilot symbols. Similarly, the cal-
culator 26 separates pilot symbols (first symbols 1n frames)
from the output I and Q signals of the RF portion 22 1n
response to a signal (a frame and symbol sync signal) having
a period corresponding to N symbols. The calculator 26 esti-
mates a frequency oflset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the 2°™-
value QAM, that 1s, the value given by the expression (7), 1s
equal to the amplitude “p” provided by the QPSK modula-
tion. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.
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The quas1 synchronous detector 29 1n the recerver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and Q
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
the output I and Q signals of the RF portion 22 to 2°™-value
QAM demodulation and outputs the QAM-demodulation-
resultant digital signal when the output I and Q signals of the
RF portion 22 represent a normal symbol different from a
pilot symbol.
Third F

Embodiment

A third embodiment of this invention 1s similar to the
second embodiment thereol except that 16-value QAM
replaces 2°"'-value QAM.

According to the third embodiment of this invention, a
modulator (a quadrature baseband modulator) 1n a transmitter
includes a 16-value QAM modulator instead of the 2°™-value
QAM modulator 12F (see FIG. 8). In addition, a quasi syn-
chronous detector 1n a recerver includes a 16-value QAM
demodulator instead of the 2°"-value QAM demodulator
29D (see FI1G. 9).

FIG. 12 shows an arrangement of signal points in an I-Q
plane which are provided by the 16-value QAM. In FIG. 12,
the signal points are denoted by the reference numeral “601”.
The signal points are assigned to different logic values
respectively. The positions (1, 45.45s Qis0.4as) OF the signal
points are given by the following equations.

IlﬁgﬂMzr(Z lﬂ+2032)

(8)

9)

where (al, bl) and (a2, b2) are binary code words of *“1” and
“31 17, and “r” denotes a predetermined constant. With ret-

erence to FIG. 12, specified ones of the signal points corre-
spond to the maximum amplitude which 1s given as follows.

QmQAM:I‘(zlb1+20b2

(21 4+2°W2r (10)

In addition, the distances between the neighboring signal
points are equal to a same value given by “2r”.

With reference to FIG. 13, a pair of the I signal and the @
signal outputted from the quadrature baseband modulator in
the transmitter (see FIG. 1), or the RF signal outputted from
the RF portion 1n the transmitter 1s composed of a stream of
frames each having N successive symbols. Here, N denotes a
predetermined natural number. In every frame, the first sym-
bol results from the QPSK modulation, and the second and
later symbols result from the 16-value QAM. The first symbol
in every Irame (that 1s, the QPSK symbol in every frame) 1s
used by the receiver as a pilot symbol for estimating an
amplitude distortion amount and a frequency offset amount.
It should be noted that every pilot symbol also carries a part of
the main information to be transmitted.

In the recerver (see FIG. 3), the calculator 25 separates pilot
symbols (first symbols 1n frames) from the output I and Q)
signals of the RF portion 22 1n response to a signal (a frame
and symbol sync signal) having a period corresponding to N
symbols. The calculator 25 estimates an amplitude distortion
amount from the separated pilot symbols. Similarly, the cal-
culator 26 separates pilot symbols (first symbols in frames)
from the output I and Q) signals of the RF portion 22 1n
response to a signal (a frame and symbol sync signal) having
a period corresponding to N symbols. The calculator 26 esti-
mates a frequency oflset amount from the separated pilot
symbols.
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Preferably, the maximum amplitude provided by the
16-value QAM, that 1s, the value given by the expression (10),
1s equal to the amplitude “p” provided by the QPSK modu-
lation. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 in the recerver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
the output I and Q signals of the RF portion 22 to 16-value
QAM demodulation and the QAM-demodulation-resultant
digital signal when the output I and Q) signals of the RF
portion 22 represent a normal symbol different from a pilot
symbol.

In general, the inter-signal-point distance “V2p” in the
QPSK modulation 1s equal to a given value times the inter-
signal-point distance “2r” in the 16-value QAM. Preferably,
the given value 1s 1n the range of 0.90 to 1.50. In this case, a
suificiently low bit error rate 1s provided.

The inter-signal-point distance “V2p” in the QPSK modu-
lation may be equal to twice the inter-signal-point distance
“2r” inthe 16-value QAM. In this case, 1t 1s preferable that the
quasi synchronous detector in the recerver detects the I-Q-
plane amplitude of the output I and Q signals of the RF
portion when the output I and Q) signals of the RF portion 22
represent a pilot symbol, and that the detected I-Q-plane

amplitude 1s used as an I-Q-plane amplitude threshold value
for the 16-value QAM demodulation.

Fourth Embodiment

A Tourth embodiment of this invention 1s similar to the first
embodiment thereol except for design changes indicated
hereinatter.

As shown 1n FIG. 14, a modulator (a quadrature baseband
modulator) 1n a transmitter 1n the fourth embodiment of this
invention includes a QPSK modulator 12G 1nstead of the
QPSK modulator 12B (see FIG. 2).

FIG. 15 shows an arrangement of signal points 1n an I-Q)
plane which are provided by QPSK modulation implemented
by the QPSK modulator 12G. In FIG. 15, the signal points are
denoted by the reference numeral “801”. The signal points are
assigned to different logic values respectively. The positions
(Uopsxrs Qopsxr) 01 the signal points are given by the fol-
lowing equations.

[pPSKR = [oPSK{cos( 5 + = |} - QuPSK{sin( 7 + -} (1)

Q,PSKR = IQPSK{sin(;—T n ?)}QQPSK{CGSG . ?)} (12)

where “n” denotes an mteger, and (I,psx, Qopsx) are given
by the equations (3) and (4). With reference to FI1G. 15, all the
signal points correspond to a same amplitude given by the
constant “p”. In addition, all the distances between the neigh-
boring signal points are equal to a same value given by V2p.
Furthermore, the signal points are spaced at equal angular
intervals. Accordingly, a QPSK modulation-resultant signal

1s suited for detecting an amplitude distortion and a frequency
offset.
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As shown 1n FIG. 16, a quas1 synchronous detector 1n a
receiver 1n the fourth embodiment of this invention includes a

QPSK demodulator 29E 1nstead of the QPSK demodulator
29B (see FIG. 4).
The QPSK demodulator 29E implements demodulation

inverse with respect to the modulation by the QPSK modula-
tor 12G.

A pair of the I signal and the Q signal outputted from the
quadrature baseband modulator 12 1n the transmaitter 10 (see
FIG. 1), or the RF signal outputted from the RF portion 15 1n
the transmitter 10 1s composed of a stream of frames each
having N successive symbols. Here, N denotes a predeter-
mined natural number. In every frame, the first symbol results
from the QPSK modulation, and the second and later symbols
result from the 16-value APSK modulation. The first symbol
in every frame (that 1s, the QPSK symbol 1n every frame) 1s
used by the receiver 20 (see FIG. 3) as a pilot symbol for
estimating an amplitude distortion amount and a frequency
olfset amount. It should be noted that every pilot symbol also
carries a part of the main information to be transmitted.

In the recerver 20, the calculator 23 separates pilot symbols
(first symbols 1n frames) from the output I and Q signals ofthe
RF portion 22 in response to a signal (a frame and symbol
sync signal) having a period corresponding to N symbols. The
calculator 25 estimates an amplitude distortion amount from
the separated pilot symbols. Similarly, the calculator 26 sepa-
rates pilot symbols (first symbols 1n frames) from the output
I and QQ signals of the RF portion 22 1n response to a signal (a
frame and symbol sync signal) having a period corresponding
to N symbols. The calculator 26 estimates a frequency oifset
amount from the separated pilot symbols.

Preferably, the maximum amplitude gl provided by the
16-value APSK modulation 1s equal to the amplitude “p”
provided by the QPSK modulation. Inthis case, the amplitude
distortion amount and the frequency offset amount can be
accurately estimated.

The quasi synchronous detector 29 in the receiver 20 1s
designed to implement the following processes. The quasi
synchronous detector 29 subjects the output I and Q signals of
the RF portion 22 to the QPSK demodulation and outputs the
QPSK-demodulation-resultant digital signal when the output
I and Q signals of the RF portion 22 represent a pilot symbol.

The quasi synchronous detector 29 subjects the output I and Q
signals of the RF portion 22 to the 16-value APSK demodu-

lation and outputs the APSK-demodulation-resultant digital
signal when the output I and Q signals of the RF portion 22
represent a normal symbol different from a pilot symbol.

Fifth Embodiment

A fifth embodiment of this invention 1s similar to the sec-
ond embodiment thereot except for design changes indicated
hereinafter.

As shown 1n FIG. 17, a modulator (a quadrature baseband
modulator) 1n a transmitter in the fifth embodiment of this
invention includes a QPSK modulator 12G instead of the
QPSK modulator 12B (see FIG. 8). The QPSK modulator
12G implements QPSK modulation providing signal points
which are arranged 1n an I-Q plane as shown in FIG. 15.

As shown 1n FIG. 18, a quas1 synchronous detector in a

receiver 1n the fitth embodiment of this invention includes a
QPSK demodulator 29E 1nstead of the QPSK demodulator

298 (see FIG. 9).
The QPSK demodulator 29E implements demodulation
inverse with respect to the modulation by the QPSK modula-

tor 12G.
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A pair of the I signal and the Q signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.

1), or the RF signal outputted from the RF portion 1n the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 2°”*-value QAM. The first symbol in every frame
(that 15, the QPSK symbol 1n every frame) i1s used by the
receiver as a pilot symbol for estimating an amplitude distor-
tion amount and a frequency oifset amount. It should be noted
that every pilot symbol also carries a part of the main 1nfor-
mation to be transmitted.

Inthereceiver (see FIG. 3), the calculator 25 separates pilot
symbols (first symbols in frames) from the output I and @
signals of the RF portion 22 in response to a signal (a frame
and symbol sync signal) having a period corresponding to N
symbols. The calculator 25 estimates an amplitude distortion
amount from the separated pilot symbols. Similarly, the cal-
culator 26 separates pilot symbols (first symbols 1n frames)
from the output 1 and Q signals of the RF portion 22 1n
response to a signal (a frame and symbol sync signal) having,
a period corresponding to N symbols. The calculator 26 esti-
mates a frequency offset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the 2°7-
value QAM, that 1s, the value given by the expression (7), 1s
equal to the amplitude “p” provided by the QPSK modula-
tion. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 in the recerver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
the output I and Q signals of the RF portion 22 to 2°™-value
QAM demodulation and outputs the QAM-demodulation-
resultant digital signal when the output I and Q) signals of the
RF portion 22 represent a normal symbol different from a
pilot symbol.

Sixth Embodiment

A sixth embodiment of this invention 1s similar to the fifth
embodiment thereof except that 16-value QAM replaces 2°7"-
value QAM.

According to the sixth embodiment of this invention, a
modulator (a quadrature baseband modulator) 1n a transmaitter
includes a 16-value QAM modulator instead of the 2™ -value
QAM modulator 12F (see FIG. 17). The QAM modulator
implements 16-value QAM providing signal points which are
arranged 1n an I-Q plane as shown 1n FIG. 12. According to
the sixth embodiment of this invention, a quasi synchronous
detector 1n a receiver includes a 16-value QAM demodulator
instead of the 2°"-value QAM demodulator 29D (see FIG.
18).

A pair of the I signal and the Q) signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.
1), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 16-value QAM. The first symbol 1n every frame (that
1s, the QPSK symbol 1in every frame) 1s used by the receiver as
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a pilot symbol for estimating an amplitude distortion amount
and a frequency offset amount. It should be noted that every

pilot symbol also carries a part of the main information to be
transmuitted.

In the recerver (see FI1G. 3), the calculator 23 separates pilot
symbols (first symbols in frames) from the output I and Q
signals of the RF portion 22 1n response to a signal (a frame
and symbol sync signal) having a period corresponding to N
symbols. The calculator 25 estimates an amplitude distortion
amount from the separated pilot symbols. Similarly, the cal-
culator 26 separates pilot symbols (first symbols 1n frames)
from the output I and Q) signals of the RF portion 22 1n
response to a signal (a frame and symbol sync signal) having
a period corresponding to N symbols. The calculator 26 esti-
mates a frequency oilset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the
16-value QAM, that 1s, the value given by the expression (10),
1s equal to the amplitude “p” provided by the QPSK modu-
lation. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 1n the recerver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
the output I and Q signals of the RF portion 22 to 16-value
QAM demodulation and the QAM-demodulation-resultant
digital signal when the output I and Q signals of the RF
portion 22 represent a normal symbol different from a pilot
symbol.

In general, the inter-signal-point distance “V2p” in the
QPSK modulation 1s equal to a given value times the inter-
signal-point distance “2r” in the 16-value QAM. Preferably,
the given value 1s 1n the range of 0.90 to 1.50. In this case, a
suificiently low bit error rate 1s provided.

The inter-signal-point distance “vV2p” in the QPSK modu-
lation may be equal to twice the inter-signal-point distance
“2r” inthe 16-value QAM. In this case, 1t 1s preferable that the
quasi synchronous detector in the recerver detects the I-Q)-
plane amplitude of the output 1 and Q signals of the RF
portion when the output I and Q signals of the RF portion 22
represent a pilot symbol, and that the detected I-Q-plane

amplitude 1s used as an I-Q-plane amplitude threshold value
tor the 16-value QAM demodulation.

Seventh Embodiment

A seventh embodiment of this invention 1s similar to the
first embodiment thereof except for design changes indicated
hereinatter.

As shown 1n FIG. 19, a modulator (a quadrature baseband
modulator) 1n a transmitter 1n the seventh embodiment of this
invention includes a 2°"*-value QAM modulator 12H instead
of the 16-value APSK modulator 12A (see FIG. 2). Here, “m”
denotes a predetermined mteger equal to or greater than “2”.

As shown 1n FIG. 20, a quas1 synchronous detector in a

receiver 1n the seventh embodiment of this invention includes
a 2°™"-value QAM demodulator 29F instead of the 16-value

APSK demodulator 29A (see FIG. 4).

FIG. 21 shows an arrangement of signal points in an I-QQ
plane which are provided by 2°”-value QAM executed in the
QAM modulator 12H. In FIG. 21, the signal points are
denoted by the reference numeral “901”. The signal points are
assigned to different logic values respectively. The positions
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of the signal points 1n FIG. 21 result from rotation of the
signal points 1n FIG. 10 through an angle of /4 radian about
the origin. Specifically, the positions (I 44z, Qp4asr) 0f the
signal points 1n FIG. 21 are given by the following equations.

loAMR = IQAM{WS(; * %)} ] QQAM{Si“(g " %}

(13)

T nrw 7T nrx

Qquin =Tow{sin(7 + )} + Qouw eos(7 + 5 ) o

where “n” denotes an integer, and (1, 4, Q. 4,,) are given by
the equations (5) and (6). With reference to FIG. 21, the

maximum amplitude which corresponds to specified ones of
the signal points 1s equal to the value given by the expression
(7).

A pair of the I signal and the Q signal outputted from the
quadrature baseband modulator in the transmitter (see FIG.
1), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 2°"*-value QAM. The first symbol in every frame
(that 15, the QPSK symbol 1n every frame) i1s used by the
receiver as a pilot symbol for estimating an amplitude distor-
tion amount and a frequency oifset amount. It should be noted
that every pilot symbol also carries a part of the main 1nfor-
mation to be transmitted.

Inthereceiver (see FIG. 3), the calculator 25 separates pilot
symbols (first symbols in frames) from the output I and @
signals of the RF portion 22 in response to a signal (a frame
and symbol sync signal) having a period corresponding to N
symbols. The calculator 25 estimates an amplitude distortion
amount from the separated pilot symbols. Similarly, the cal-
culator 26 separates pilot symbols (first symbols 1n frames)
from the output I and Q signals of the RF portion 22 1n
response to a signal (a frame and symbol sync signal) having
a period corresponding to N symbols. The calculator 26 esti-
mates a frequency oflset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the 2°7-
value QAM, that 1s, the value given by the expression (7), 1s
equal to the amplitude “p” provided by the QPSK modula-
tion. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 in the recerver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and QQ signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
the output I and Q signals of the RF portion 22 to 2°"*-value
QAM demodulation and outputs the QAM-demodulation-
resultant digital signal when the output I and Q) signals of the
RF portion 22 represent a normal symbol different from a
pilot symbol.

Eighth Embodiment

An eighth embodiment of this invention 1s similar to the
seventh embodiment thereof except that 16-value QAM
replaces 2°"-value QAM.

According to the eighth embodiment of this invention, a
modulator (a quadrature baseband modulator) 1n a transmaitter
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includes a 16-value QAM modulator instead of the 2°"-value
QAM modulator 12H (see FIG. 19). In addition, a quasi
synchronous detector 1n a recerver includes a 16-value QAM
demodulator instead of the 2°™”-value QAM demodulator 29F
(see FIG. 20).

FIG. 22 shows an arrangement of signal points i an I-Q
plane which are provided by 16-value QAM executed 1n the
16-value QAM modulator. In FIG. 22, the signal points are
denoted by the reference numeral “1001”. The signal points
are assigned to different logic values respectively. The posi-
tions of the signal points in FIG. 22 result from rotation of the
signal points 1n FIG. 12 through an angle of /4 radian about
the origin. Specifically, the positions (1,45 4a/z> Qisounsr) OF
the signal points 1n FIG. 22 are given by the following equa-
tions.

Lispamr = Img,w{cms(;—r + ?)} — QIGQAM{SiH(g + ?)} (15)

QlﬁQAMR - IlﬁQAM{Siﬂ(g + %)} + QIGQAM {cas(g + %)} (16)

where “n” denotes an integer, and (1, 5,41 Q1 6042, are given
by the equations (8) and (9). With reference to FIG. 22, the
maximum amplitude which corresponds to specified ones of
the signal points 1s equal to the value given by the expression
(10). In addition, the distances between the neighboring sig-
nal points are equal to a same value given by “2r”.

A pair of the I signal and the Q) signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.
1), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 16-value QAM. The first symbol 1n every frame (that
1s, the QPSK symbol 1n every frame) 1s used by the receiver as
a pilot symbol for estimating an amplitude distortion amount
and a frequency offset amount. It should be noted that every
pilot symbol also carries a part of the main information to be
transmuitted.

In the recerver (see FIG. 3), the calculator 25 separates pilot
symbols (first symbols 1n frames) from the output I and Q)
signals of the RF portion 22 1n response to a signal (a frame
and symbol sync signal) having a period corresponding to N
symbols. The calculator 25 estimates an amplitude distortion
amount from the separated pilot symbols. Similarly, the cal-
culator 26 separates pilot symbols (first symbols in frames)
from the output I and Q) signals of the RF portion 22 1n
response to a signal (a frame and symbol sync signal) having
a period corresponding to N symbols. The calculator 26 esti-
mates a frequency oflset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the
16-value QAM, that1s, the value given by the expression (10),
1s equal to the amplitude “p” provided by the QPSK modu-
lation. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 1n the receiver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and Q
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects

the output I and Q signals of the RF portion 22 to 16-value
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QAM demodulation and the QAM-demodulation-resultant
digital signal when the output I and Q signals of the RF
portion 22 represent a normal symbol different from a pilot
symbol.

In general, the inter-signal-point distance “V2p” in the
QPSK modulation 1s equal to a given value times the inter-
signal-point distance “2r” 1n the 16-value QAM. Preferably,
the given value 1s 1n the range of 0.90 to 1.50. In this case, a
suificiently low bit error rate 1s provided.

The inter-signal-point distance “V2p” in the QPSK modu-
lation may be equal to “V2p” times the inter-signal-point
distance “2r” in the 16-value QAM. In this case, it 1s prefer-
able that the quasi1 synchronous detector in the recerver
detects the I-Q-plane amplitude of the output I and Q signals
of the RF portion when the output I and Q signals of the RF
portion 22 represent a pilot symbol, and that the detected
[-Q-plane amplitude 1s used as an I-Q-plane amplitude

threshold value for the 16-value QAM demodulation.

Ninth Embodiment

A ninth embodiment of this invention 1s similar to the
seventh embodiment thereof except for design changes 1ndi-
cated hereinafter.

As shown 1n FIG. 23, a modulator (a quadrature baseband
modulator) 1n a transmitter in the ninth embodiment of this
invention includes a QPSK modulator 12G instead of the
QPSK modulator 12B (see FIG. 19). The QPSK modulator
12G implements QPSK modulation providing signal points
which are arranged 1n an I-Q plane as shown 1 FIG. 15.

As shown 1n FIG. 24, a quas1 synchronous detector 1n a
receiver 1n the mnth embodiment of this invention includes a

QPSK demodulator 29E 1nstead of the QPSK demodulator
29B (see F1G. 20). The QPSK demodulator 29E implements
demodulation mverse with respect to the modulation by the
QPSK modulator 12G.

A pair of the I signal and the Q signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.
1), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 2°"-value QAM. The first symbol in every frame
(that 15, the QPSK symbol 1n every frame) i1s used by the
receiver as a pilot symbol for estimating an amplitude distor-
tion amount and a frequency oifset amount. It should be noted
that every pilot symbol also carries a part of the main 1nfor-
mation to be transmitted.

Inthereceiver (see FIG. 3), the calculator 25 separates pilot
symbols (first symbols in frames) from the output I and
signals of the RF portion 22 in response to a signal (a frame
and symbol sync signal) having a period corresponding to N
symbols. The calculator 25 estimates an amplitude distortion
amount from the separated pilot symbols. Similarly, the cal-
culator 26 separates pilot symbols (first symbols 1n frames)
from the output I and Q signals of the RF portion 22 1n
response to a signal (a frame and symbol sync signal) having
a period corresponding to N symbols. The calculator 26 esti-
mates a frequency oflset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the 2°™-
value QAM, that 1s, the value given by the expression (7), 1s
equal to the amplitude “p” provided by the QPSK modula-
tion. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.
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The quas1 synchronous detector 29 1n the recerver (see FIG.
3) 1s designed to implement the following processes. The

quasi synchronous detector 29 subjects the output I and Q
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
the output I and Q signals of the RF portion 22 to 2°"*-value
QAM demodulation and outputs the QAM-demodulation-
resultant digital signal when the output I and Q signals of the
RF portion 22 represent a normal symbol different from a
pilot symbol.

Tenth Embodiment

A tenth embodiment of this invention 1s similar to the ninth
embodiment thereof except that 16-value QAM replaces 27~
value QAM.

According to the tenth embodiment of this invention, a
modulator (a quadrature baseband modulator) 1n a transmaitter
includes a 16-value QAM modulator instead of the 2°"-value
QAM modulator 12H (see FIG. 23). The 16-value QAM
modulator 1mplements 16-value QAM providing signal
points which are arranged 1n an I-Q plane as shown 1n FI1G. 22.
According to the tenth embodiment of this invention, a quasi
synchronous detector in a receiver includes a 16-value QAM
demodulator instead of the 2°™-value QAM demodulator 29F
(see FIG. 24). The 16-value QAM demodulator implements
demodulation 1nverse with respect to the modulation by the
16-value QAM modulator.

A pair of the I signal and the Q) signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.
1), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 16-value QAM. The first symbol in every frame (that
1s, the QPSK symbol 1n every frame) 1s used by the receiver as
a pilot symbol for estimating an amplitude distortion amount
and a frequency offset amount. It should be noted that every
pilot symbol also carries a part of the main information to be
transmuitted.

In the recerver (see FIG. 3), the calculator 25 separates pilot
symbols (first symbols in frames) from the output I and Q
signals of the RF portion 22 1n response to a signal (a frame
and symbol sync signal) having a period corresponding to N
symbols. The calculator 25 estimates an amplitude distortion
amount from the separated pilot symbols. Similarly, the cal-
culator 26 separates pilot symbols (first symbols in frames)
from the output I and Q) signals of the RF portion 22 1n
response to a signal (a frame and symbol sync signal) having
a period corresponding to N symbols. The calculator 26 esti-
mates a frequency oifset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the
16-value QAM, that1s, the value given by the expression (10),
1s equal to the amplitude “p” provided by the QPSK modu-
lation. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 1n the receiver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and Q
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
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the output I and Q signals of the RF portion 22 to 16-value
QAM demodulation and the QAM-demodulation-resultant
digital signal when the output I and Q signals of the RF
portion 22 represent a normal symbol different from a pilot
symbol.

In general, the inter-signal-point distance “V2p” in the
QPSK modulation 1s equal to a given value times the inter-
signal-point distance “2r” in the 16-value QAM. Preferably,
the given value 1s 1n the range of 0.90 to 1.50. In this case, a
suificiently low bit error rate 1s provided.

The inter-signal-point distance “°v2p” in the QPSK modu-
lation may be equal to twice the inter-signal-point distance
“2r” inthe 16-value QAM. In this case, 1t 1s preferable that the
quasi synchronous detector 1 the recerver detects the I-Q)-
plane amplitude of the output I and Q signals of the RF
portion when the output I and Q) signals of the RF portion 22
represent a pilot symbol, and that the detected I-Q-plane

amplitude 1s used as an I-Q-plane amplitude threshold value
for the 16-value QAM demodulation.

Eleventh Embodiment

An eleventh embodiment of this invention 1s similar to the
third embodiment thereof except for design changes indi-
cated hereinafter.

With reference to FIG. 25, a pair of the I signal and the Q
signal outputted from the quadrature baseband modulator in
the transmitter (see FIG. 1), or the RF signal outputted from
the RF portion 1n the transmitter 1s composed of a stream of
frames each having N successive symbols. Here, N denotes a
predetermined natural number. In every frame, first alternate
symbols result from the QPSK modulation, and second alter-
nate symbols result from the 16-value QAM. The QPSK
symbols 1n every frame are used by the receiwver as pilot
symbols for estimating an amplitude distortion amount and a
frequency offset amount. It should be noted that every pilot
symbol also carries a part of the main information to be
transmitted.

Intherecetver (see FI1G. 3), the calculator 25 separates pilot
symbols from the output I and ) signals of the RF portion 22
in response to a signal (a 2-symbol sync signal) having a
period corresponding to two symbols. The calculator 25 esti-
mates an amplitude distortion amount from the separated
pilot symbols. Similarly, the calculator 26 separates pilot
symbols from the output I and Q signals of the RF portion 22
in response to a signal (a 2-symbol sync signal) having a
period corresponding to 2 symbols. The calculator 26 esti-
mates a frequency oflset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the
16-value QAM, that 1s, the value given by the expression (10),
1s equal to the amplitude “p” provided by the QPSK modu-
lation. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 in the receiver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
the output I and Q signals of the RF portion 22 to 16-value
QAM demodulation and the QAM-demodulation-resultant
digital signal when the output I and Q signals of the RF
portion 22 represent a normal symbol different from a pilot
symbol.
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In general, the inter-signal-point distance “V2p” in the
QPSK modulation 1s equal to a given value times the inter-
signal-point distance “2r” 1n the 16-value QAM. Preferably,
the given value 1s 1n the range of 0.90 to 1.50. In this case, a
suificiently low bit error rate 1s provided.

With reference to FIG. 26, in the case where the inter-
signal-point distance “vV2p” in the QPSK modulation is equal
to 1.20 times the inter-signal-point distance “2r” in the
16-value QAM, the bit error rate provided 1n the embodiment
of this invention decreases along the curve A0 as the carrier-
to-noise power ratio C/N increases. FIG. 26 also indicates a
comparative example being the relation B0 between the bat
error rate and the carrier-to-noise power ratio C/N which
occurs 1n a prior-art 8PSK (8 or octonary phase shift keying)
system. As shown 1n FIG. 26, the bit error rate (the curve A0)
provided 1n the embodiment of this invention 1s better than
that in the prior-art 8PSK system.

The inter-signal-point distance “vV2p” in the QPSK modu-
lation may be equal to twice the inter-signal-point distance
“2r” inthe 16-value QAM. In this case, 1t 1s preferable that the
quasi synchronous detector in the recerver detects the I-Q)-
plane amplitude of the output I and Q signals of the RF
portion when the output I and () signals of the RF portion 22
represent a pilot symbol, and that the detected I-Q-plane

amplitude 1s used as an I-Q-plane amplitude threshold value
for the 16-value QAM demodulation.

Twelfth Embodiment

A twellth embodiment of this invention 1s similar to the
sixth embodiment thereof except for design changes 1ndi-
cated hereinafter.

A pair of the I signal and the Q) signal outputted from the
quadrature baseband modulator in the transmitter (see FIG.
1), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, first alternate symbols result from the
QPSK modulation, and second alternate symbols result from
the 16-value QAM. The QPSK symbols 1n every frame are
used by the receiver as pilot symbols for estimating an ampli-
tude distortion amount and a frequency oil

set amount. It
should be noted that every pilot symbol also carries a part of
the main information to be transmaitted.

In the recerver (see FI1G. 3), the calculator 23 separates pilot
symbols from the output I and Q signals of the RF portion 22
in response to a signal (a 2-symbol sync signal) having a
period corresponding to two symbols. The calculator 235 esti-
mates an amplitude distortion amount from the separated
pilot symbols. Similarly, the calculator 26 separates pilot
symbols from the output I and Q signals of the RF portion 22
in response to a signal (a 2-symbol sync signal) having a
period corresponding to 2 symbols. The calculator 26 esti-
mates a frequency oifset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the
16-value QAM, that1s, the value given by the expression (10),
1s equal to the amplitude “p” provided by the QPSK modu-
lation. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 1n the receiver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and Q
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent

a pilot symbol. The quasi synchronous detector 29 subjects
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the output I and Q signals of the RF portion 22 to 16-value
QAM demodulation and the QAM-demodulation-resultant

digital signal when the output I and Q signals of the RF
portion 22 represent a normal symbol different from a pilot
symbol.

In general, the inter-signal-point distance “V2p” in the
QPSK modulation 1s equal to a given value times the inter-
signal-point distance “2r” in the 16-value QAM. Preferably,
the given value 1s 1n the range of 0.90 to 1.50. In this case, a
suificiently low bit error rate 1s provided.

With reference to FIG. 27, in the case where the inter-
signal-point distance “v2p” in the QPSK modulation is equal
to 1.20 times the inter-signal-point distance “2r” in the
16-value QAM, the bit error rate provided 1in the embodiment
of this invention decreases along the curve Al as the carrier-
to-noise power ratio C/N increases. FIG. 27 also indicates a
comparative example being the relation B1 between the bit
error rate and the carrier-to-noise power ratio C/N which
occurs 1n a prior-art 8PSK (8 or octonary phase shift keying)
system. As shown 1n FIG. 27, the bit error rate (the curve Al)
provided 1n the embodiment of this invention 1s better than
that 1n the prior-art 8PSK system.

The inter-signal-point distance “V2p” in the QPSK modu-
lation may be equal to “V2” times the inter-signal-point dis-
tance “2r” 1n the 16-value QAM. In this case, 1t 1s preferable
that the quasi synchronous detector 1n the recerver detects the
[-Q-plane amplitude of the output I and Q) signals of the RF
portion when the output I and Q signals of the RF portion 22
represent a pilot symbol, and that the detected I-Q-plane

amplitude 1s used as an I-Q-plane amplitude threshold value
tor the 16-value QAM demodulation.

Thirteenth Embodiment

A thirteenth embodiment of this invention 1s similar to the
cighth embodiment thereol except for design changes indi-
cated hereinafter.

A pair of the I signal and the Q signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.
1), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, first alternate symbols result from the
QPSK modulation, and second alternate symbols result from
the 16-value QAM. The QPSK symbols in every frame are
used by the recerver as pilot symbols for estimating an ampli-
tude distortion amount and a frequency oilset amount. It
should be noted that every pilot symbol also carries a part of
the main information to be transmaitted.

Inthereceiver (see FIG. 3), the calculator 25 separates pilot
symbols from the output I and Q signals of the RF portion 22
in response to a signal (a 2-symbol sync signal) having a
period corresponding to two symbols. The calculator 23 esti-
mates an amplitude distortion amount from the separated
pilot symbols. Similarly, the calculator 26 separates pilot
symbols from the output I and ) signals of the RF portion 22
in response to a signal (a 2-symbol sync signal) having a
period corresponding to 2 symbols. The calculator 26 esti-
mates a frequency oflset amount from the separated pilot
symbols.

Preferably, the maximum amplitude provided by the
16-value QAM, that 1s, the value given by the expression (10),
1s equal to the amplitude “p” provided by the QPSK modu-
lation. In this case, the amplitude distortion amount and the
frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 in the recerver (see FIG.
3) 1s designed to implement the following processes. The
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quasi synchronous detector 29 subjects the output I and
signals of the RF portion 22 to QPSK demodulation and

outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
the output I and Q signals of the RF portion 22 to 16-value
QAM demodulation and the QAM-demodulation-resultant
digital signal when the output I and Q signals of the RF
portion 22 represent a normal symbol different from a pilot
symbol.

In general, the inter-signal-point distance “V2p” in the
QPSK modulation 1s equal to a given value times the inter-
signal-point distance “2r” in the 16-value QAM. Preferably,
the given value 1s 1 the range of 0.90 to 1.50. In this case, a
suificiently low bit error rate 1s provided.

With reference to FIG. 28, 1n the case where the inter-
signal-point distance “V2p” in the QPSK modulation is equal
to 1.20 times the inter-signal-point distance “2r” in the
16-value QAM, the bit error rate provided 1n the embodiment
of this mnvention decreases along the curve A2 as the carrier-
to-noise power ratio C/N increases. FIG. 28 also indicates a
comparative example being the relation B2 between the bit
error rate and the carrier-to-noise power ratio C/N which
occurs 1n a prior-art 8PSK (8 or octonary phase shiit keying)
system. As shown 1n FIG. 28, the bit error rate (the curve A2)
provided 1n the embodiment of this invention 1s better than
that in the prior-art 8PSK system.

The inter-signal-point distance “vV2p” in the QPSK modu-
lation may be equal to “V2p” times the inter-signal-point
distance “2r” 1n the 16-value QAM. In this case, it 15 prefer-
able that the quasi synchronous detector in the recerver
detects the I-Q-plane amplitude of the output I and Q signals
of the RF portion when the output I and Q signals of the RF
portion 22 represent a pilot symbol, and that the detected

[-Q-plane amplitude 1s used as an I-Q-plane amplitude
threshold value for the 16-value QAM demodulation.

Fourteenth Embodiment

A fourteenth embodiment of this invention 1s similar to the
tenth embodiment thereof except for design changes indi-
cated hereinafter.

A pair of the I signal and the QQ signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.
1), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, first alternate symbols result from the
QPSK modulation, and second alternate symbols result from
the 16-value QAM. The QPSK symbols in every frame are
used by the recerver as pilot symbols for estimating an ampli-
tude distortion amount and a frequency oilset amount. It
should be noted that every pilot symbol also carries a part of
the main information to be transmitted.

In the recerver (see FIG. 3), the calculator 25 separates pilot
symbols from the output I and Q signals of the RF portion 22
in response to a signal (a 2-symbol sync signal) having a
period corresponding to two symbols. The calculator 25 esti-
mates an amplitude distortion amount from the separated
pilot symbols.

Similarly, the calculator 26 separates pilot symbols from
the output I and Q signals of the RF portion 22 1n response to
a signal (a 2-symbol sync signal) having a period correspond-
ing to 2 symbols. The calculator 26 estimates a frequency
olfset amount from the separated pilot symbols.

Preferably, the maximum amplitude provided by the
16-value QAM, that 1s, the value given by the expression (10),
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1s equal to the amplitude “p” provided by the QPSK modu-
lation. In this case, the amplitude distortion amount and the

frequency offset amount can be accurately estimated.

The quasi synchronous detector 29 in the recerver (see FIG.
3) 1s designed to implement the following processes. The
quasi synchronous detector 29 subjects the output I and
signals of the RF portion 22 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 22 represent
a pilot symbol. The quasi synchronous detector 29 subjects
the output I and Q signals of the RF portion 22 to 16-value
QAM demodulation and the QAM-demodulation-resultant
digital signal when the output I and Q) signals of the RF
portion 22 represent a normal symbol different from a pilot
symbol.

In general, the inter-signal-point distance “V2p” in the
QPSK modulation 1s equal to a given value times the inter-
signal-point distance “2r” 1n the 16-value QAM. Preferably,
the given value 1s 1n the range of 0.90 to 1.50. In this case, a
suificiently low bit error rate 1s provided.

With reference to FIG. 29, in the case where the inter-
signal-point distance “vV2p” in the QPSK modulation is equal
to 1.20 times the inter-signal-point distance “2r” in the
16-value QAM, the bit error rate provided 1n the embodiment
of this invention decreases along the curve A3 as the carrier-
to-noise power ratio C/N 1ncreases. FI1G. 29 also indicates a
comparative example being the relation B3 between the bit
error rate and the carrier-to-noise power ratio C/N which
occurs 1n a prior-art 8PSK (8 or octonary phase shift keying)
system. As shown 1n FIG. 29, the bit error rate (the curve A3)
provided 1n the embodiment of this invention 1s better than
that 1n the prior-art 8PSK system.

The inter-signal-point distance “V2p” in the QPSK modu-
lation may be equal to twice the inter-signal-point distance
“2r” inthe 16-value QAM. In this case, 1t 1s preferable that the
quasi synchronous detector in the receiver detects the I-Q-
plane amplitude of the output I and Q signals of the RF
portion when the output I and () signals of the RF portion 22
represent a pilot symbol, and that the detected I-Q-plane
amplitude 1s used as an I-Q-plane amplitude threshold value

tor the 16-value QAM demodulation.

Fifteenth Embodiment

FI1G. 30 shows a transmitter 110 1n a radio communication
system according to a fifteenth embodiment of this invention.
With reference to FIG. 30, the transmitter 110 includes a
modulator (a quadrature baseband modulator) 112 and an RF
(radio frequency) portion 115.

A digital signal to be transmitted (that 1s, an input digital
signal or main information to be transmitted) 1s fed to the
quadrature baseband modulator 112. The device 112 subjects
the input digital signal to quadrature baseband modulation,
thereby converting the input digital signal into a pair of modu-
lation-resultant baseband signals, that 1s, a baseband I (in-
phase) signal and a baseband Q (quadrature) signal. The
quadrature baseband modulator 112 outputs the baseband I
signal and the baseband Q signal to the RF portion 115.

The RF portion 115 converts the baseband I signal and the
baseband QQ signal into an RF signal through frequency con-
version. The RF portion 115 feeds the RF signal to an antenna
117. The RF signal 1s radiated by the antenna 117.

As shown 1n FIG. 31, the quadrature baseband modulator
112 includes a 8PSK (8 or octonary phase shift keying) modu-
lator 112A, a BPSK (binary phase shift keying) modulator
1128, areference signal generator 112C, and switches 112D
and 112E.
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The 8PSK modulator 112 A and the BPSK modulator 112B
receives the input digital signal. The device 112A subjects the
mput digital signal to 8PSK (8PSK modulation), thereby
converting the input digital signal into a pair of a baseband I
signal and a baseband Q signal. The BPSK modulator 112A
outputs the baseband I signal to the switch 112D. The 8PSK
modulator 112A outputs the baseband Q signal to the switch
112E. The device 112B subjects the mput digital signal to
BPSK (BPSK modulation), thereby converting the input digi-
tal signal into a pair of a baseband I signal and a baseband Q)
signal. The BPSK modulator 112B outputs the baseband I
signal to the switch 112D. The BPSK modulator 112B out-
puts the baseband Q signal to the switch 112E. The reference
signal generator 112C outputs a reference baseband I signal
to the switch 112D. The reference signal generator 112C
outputs areference baseband () signal to the switch 112E. The
output I and Q signals from the reference signal generator
112C are used 1n acquiring synchronization between the
transmitter 110 and a receiver during an 1nitial stage of signal
transmission. The switch 112D selects one of the output I
signal from the 8PSK modulator 112A, the output I signal
from the BPSK modulator 112B, and the output I signal {from
the reference signal generator 112C, and transmits the
selected I signal to the RF portion 115. The switch 112E
selects one of the output Q signal from the 8PSK modulator
112 A, the output Q signal from the BPSK modulator 112B,
and the output Q signal from the reference signal generator
112C, and transmits the selected Q signal to the RF portion
115.

During an initial stage of signal transmission, the switch
112D selects the output I signal from the reference signal
generator 112C while the switch 112D selects the output O
signal from the reference signal generator 112C. During an
interval of time which follows the initial stage, the switch
112D alternately selects the output 1 signal from the 8PSK
modulator 112A and the output I signal from the BPSK
modulator 112B at a predetermined period, and transmits the
selected 1 signal to the RF portion 115. During the time
interval following the initial stage, the switch 112E alter-
nately selects the output Q signal from the 8PSK modulator
112 A and the output Q signal from the BPSK modulator 112B
at the predetermined period, and transmits the selected ()
signal to the RF portion 115.

Accordingly, with respect to the mput digital signal, the
quadrature baseband modulator 112 alternately implements
the 8PSK modulation and the BPSK modulation at the pre-
determined period.

In the quadrature baseband modulator 112, the output I and
Q signals from the BPSK modulator 112B are fed to the 8PSK
modulator 112A. The 8PSK modulation implemented by the
device 112A depends on the output I and Q signals from the
BPSK modulator 112B.

FIG. 32 shows a recerver 120 1n the radio communication
system according to the fifteenth embodiment of this inven-
tion. With reference to FIG. 32, the receiver 120 includes an
RF portion 122, calculators 125 and 126, and a quasi synchro-
nous detector 129.

An RF signal caught by an antenna 121 1s applied to the RF
portion 122. The RF portion 122 subjects the applied RF
signal to frequency conversion, thereby converting the
applied RF signal into a pair of a baseband I signal and a
baseband () signal. The RF portion 122 outputs the baseband
I signal and the baseband () signal to the calculators 125 and
126, and the quasi synchronous detector 129.

The calculator 125 estimates an amplitude distortion
amount from the baseband I signal and the baseband (Q signal.
The calculator 1235 informs the quasi synchronous detector
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129 of the estimated amplitude distortion amount. The calcu-
lator 126 estimates a frequency offset amount from the base-
band I signal and the baseband Q) signal. The calculator 126
informs the quasi synchronous detector 129 of the estimated
frequency offset amount.

The device 129 subjects the baseband I signal and the
baseband Q) signal to quas1 synchronous detection responsive
to the estimated amplitude distortion amount and the esti-
mated frequency oifset amount, thereby demodulating the
baseband I signal and the baseband QQ signal into an original
digital signal. Thus, the quasi synchronous detector 129
recovers the original digital signal from the baseband I signal
and the baseband Q signal. The quasi synchronous detector
129 outputs the recovered original digital signal.

As shown 1n FIG. 33, the quasi synchronous detector 129
includes an 8PSK demodulator 129A, a BPSK demodulator

129B, and a switch 129C.

The 8PSK demodulator 129 A and the BPSK demodulator
1298 recerve the output I and Q signals from the RF portion
122. In addition, the 8PSK demodulator 129A and the BPSK
demodulator 129B are informed of the estimated amplitude
distortion amount and the estimated frequency offset amount
by the calculators 125 and 126.

The device 129A subjects the baseband I signal and the
baseband Q signal to 8PSK demodulation responsive to the
estimated amplitude distortion amount and the estimated fre-
quency olfset amount, thereby demodulating the baseband I
signal and the baseband Q signal into an orniginal digital
signal. Thus, the 8PSK demodulator 129 A recovers the origi-
nal digital signal from the baseband I signal and the baseband
Q signal. The 8PSK demodulator 129 A outputs the recovered
original digital signal to the switch 129C.

The device 129B subjects the baseband 1 signal and the
baseband Q signal to BPSK demodulation responsive to the
estimated amplitude distortion amount and the estimated fre-
quency offset amount, thereby demodulating the baseband 1
signal and the baseband Q signal into an original digital
signal. Thus, the BPSK demodulator 129B recovers the origi-
nal digital signal from the baseband I signal and the baseband
QQ signal. The BPSK demodulator 129B outputs the recovered
original digital signal to the switch 129C.

The switch 129C alternately selects the output digital sig-
nal from the 8PSK demodulator 129 A and the output digital
signal from the BPSK demodulator 129B 1n response to a
timing signal (a frame and symbol sync signal), and transmits
the selected digital signal to a later stage. When the baseband
I and Q signals outputted from the RF portion 122 to the quasi
synchronous detector 129 correspond to a result of the SPSK
modulation, the switch 129C selects the output digital signal
from the 8PSK demodulator 129A. When the baseband I and
Q signals outputted from the RF portion 122 to the quasi
synchronous detector 129 correspond to a result of the BPSK
modulation, the switch 129C selects the output digital signal
from the BPSK demodulator 129B.

For example, the 8PSK demodulator 129A includes an
amplitude correction circuit and a frequency correction cir-
cuit. The amplitude correction circuit compensates for an
amplitude distortion of the baseband I signal and the base-
band QQ signal 1n response to the estimated amplitude distor-
tion, thereby generating a first compensation-resultant base-
band I signal and a first compensation-resultant baseband Q)
signal. The frequency correction circuit compensates for a
frequency ollset of the first compensation-resultant baseband
I signal and the first compensation-resultant baseband Q sig-
nal 1n response to the estimated frequency offset amount,
thereby generating a second compensation-resultant base-
band I signal and a second compensation-resultant baseband
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Q signal. In the 8PSK demodulator 129A, the second com-
pensation-resultant baseband I signal and the second com-
pensation-resultant baseband (Q signal are subjected to the
8PSK demodulation, being converted into the original digital
signal.

For example, the BPSK demodulator 129B 1ncludes an
amplitude correction circuit and a frequency correction cir-
cuit. The amplitude correction circuit compensates for an
amplitude distortion of the baseband I signal and the base-
band Q) signal 1n response to the estimated amplitude distor-
tion, thereby generating a first compensation-resultant base-
band I signal and a first compensation-resultant baseband Q)
signal. The frequency correction circuit compensates for a
frequency oifset of the first compensation-resultant baseband
I signal and the first compensation-resultant baseband Q sig-
nal 1n response to the estimated frequency ofiset amount,
thereby generating a second compensation-resultant base-
band I signal and a second compensation-resultant baseband
Q signal. In the BPSK demodulator 129B, the second com-
pensation-resultant baseband 1 signal and the second com-
pensation-resultant baseband (Q signal are subjected to the
BPSK demodulation, being converted into the original digital
signal.

FIG. 34 shows an arrangement of 8 signal points 1n an I-QQ
plane which are provided by the 8PSK modulation. In FIG.
34, the 8 signal points are denoted by the reference numeral
“101A”. The 8 signal points are assigned to 8 different levels
(8 different logic states) respectively. The positions (I, cr,
Qqrcx) Of the 8 signal points are given by the following
equations.

kr (17)
lspsk =p- CGS(I]

(kr
Qspsk = P'Slﬂ(j]

where “K” denotes a variable integer, and “p
determined constant.

FIG. 35 shows an arrangement of two signal points in an
I-Q plane which are provided by the BPSK modulation. In
FIG. 35, the signal points are denoted by the reference
numeral “201A”. The positions (I; oz, Qzrer) Of the signal
points are given by the following equations.

(18)

denotes a pre-

Ippsxg=q-cos(ka) (19)

Qppsx=q-sin(km) (20)

where “Kk” denotes a variable integer, and “q” denotes a pre-
determined constant. With reference to FIG. 35, the signal
points are on the I axis, and correspond to a same amplitude
given by the constant “q”. In addition, the signal points are
spaced at an angle of & radian. Accordingly, a BPSK modu-
lation-resultant signal 1s suited for detecting an amplitude
distortion and a frequency offset.

With reference to FIG. 36, a pair of the I signal and the @
signal outputted from the quadrature baseband modulator 112
in the transmitter 110, or the RF signal outputted from the RF
portion 115 1n the transmitter 110 1s composed of a stream of
frames each having N successive symbols. Here, N denotes a
predetermined natural number. In every frame, the first sym-
bol results from the BPSK modulation, and the second and
later symbols result from the 8PSK modulation. The first
symbol 1n every frame (that 1s, the BPSK symbol in every
frame) 1s used by the recerver 120 as a pilot symbol for
estimating an amplitude distortion amount and a frequency
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offset amount. It should be noted that every pilot symbol also
carries a part of the main information to be transmitted.

In the recerver 120, the calculator 1235 separates pilot sym-
bols (first symbols 1n frames) from the output I and Q signals
of the RF portion 122 in response to a signal (a frame and
symbol sync signal) having a period corresponding to N
symbols. The calculator 125 estimates an amplitude distor-
tion amount from the separated pilot symbols. Similarly, the
calculator 126 separates pilot symbols (first symbols 1n
frames) from the output I and Q signals of the RF portion 122
in response to a signal (a frame and symbol sync signal)
having a period corresponding to N symbols. The calculator
126 estimates a frequency olfset amount from the separated
pilot symbols.

The quasi synchronous detector 129 1n the recerver 120 1s
designed to implement the following processes. The quasi
synchronous detector 129 subjects the output I and Q) signals
of the RF portion 122 to the BPSK demodulation and outputs
the BPSK-demodulation-resultant digital signal when the
output I and Q signals of the RF portion 122 represent a pilot
symbol. The quasi synchronous detector 129 subjects the
output I and Q signals of the RF portion 122 to the 8PSK
demodulation and outputs the 8PSK-demodulation-resultant
digital signal when the output I and Q signals of the RF
portion 122 represent a normal symbol different from a pilot
symbol.

The BPSK modulator 112B 1n the quadrature baseband
modulator 112 of the transmitter 110 1s designed to 1imple-
ment processes indicated below. The phase of an 1-th BPSK
symbol in the I-Q plane 1s denoted by “¢,”, and the phase of an
(1+1)-th BPSK symbol in the I-Q plane 1s denoted by “¢,, ,”
The BPSK modulator 112B determines the phase “0,, ,” of
the (1+1)-th BPSK symbol 1n an x-y plane on the basis of the
difference between the phases “¢,” and “¢,_,” according to
the following equation.

I+ 1

0,110 1—¢:(mod. 27) (21)

The BPSK modulator 112B implements BPSK modulation

providing two signal points which are respectively on the
positive side and the negative side of the x axis in the x-y plane
as shown 1n FI1G. 37. The BPSK modulator 112B assigns a bit
ol “0” and a bit of *“1” 1n the input digital signal to the positive
signal point and the negative signal point, respectively.
Accordingly, a bit of “0” corresponds to the absence of a
phase change of & radian between two successively symbols
while a bit of “1” corresponds to the presence of a phase
change of & radian between two successively symbols as 1n
differential phase shift keying (DPSK). The BPSK modulator
112B outputs a pair of modulation-resultant I and QQ signals to
the switches 112D and 112E. The BPSK modulator 112B
includes a latch or a register for sampling and holding a pair
of modulation-resultant I and ) signals which are selected by
the switches 112D and 112E. The modulation-resultant I and
Q signals held by the latch or the register are periodically
updated. The BPSK modulator 112B outputs a pair of held
modulation-resultant I and Q signals to the 8PSK modulator
112A.

As previously indicated, the 8PSK modulation imple-
mented by the 8PSK modulator 112A provides 8 different
signal points to which 8 different logic states are assigned
respectively. For symbols following a BPSK symbol 1n every
frame, the 8PSK modulator 112 A determines the assignment
ol the logic states to the signal points on the basis of the signal
point used by the BPSK symbol. The signal point used by the
BPSK symbol 1s represented by a pair of BPSK-modulation-
resultant I and Q signals fed from the BPSK modulator 112B.

In the case where a signal point 501 on the positive side of the
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I axis 1s used by a BPSK symbol, the 8PSK modulator 112A
assigns 3-bit sets of “000”, <0017, 0107, “0117, “1007,
“1017, 1107, and “111” 1n the mput digital signal to eight
signal points 302 for following symbols as shown 1n FIG. 38.
In the case where a signal point 501 on the negative side of the

I axis 1s used by a BPSK symbol, the 8PSK modulator 112A
assigns 3_b1t sets Of HOOO&: “001”3 “010”3 “01 1”3 “100”3

“1017, 1107, and “111” 1n the mput digital signal to eight
signal points 502 for following symbols as shown 1n FI1G. 39.

Sixteenth Embodiment

A sixteenth embodiment of this invention 1s similar to the
fifteenth embodiment thereof except for design changes indi-
cated hereinatter.

As shown 1n FIG. 40, a modulator (a quadrature baseband
modulator) in a transmitter in the sixteenth embodiment of
this invention includes a 2°™-value QAM (quadrature ampli-
tude modulation) modulator 112F 1nstead of the 8PSK modu-
lator 112 A (see FI1G. 31). Here, “m” denotes a predetermined
integer equal to or greater than “2”

As shown 1n FIG. 41, a quas1 synchronous detector 1n a
receiver in the sixteenth embodiment of this invention

includes a 2°"-value QAM demodulator 129D instead of the
8PSK demodulator 129A (see FIG. 33). The 2°™-value QAM
demodulator 129D 1mplements demodulation inverse with
respect to the modulation by the QAM modulator 112F.

FIG. 42 shows an arrangement of signal points i an I-QQ
plane which are provided by 2°”-value QAM executed in the
QAM modulator 112F. In FIG. 42, the signal points are
denoted by the reference numeral “601A”. The signal points
are assigned to ditferent values (different logic states) respec-
tively. The positions (I, Qp4ar) 0f the signal points are
given by the following equations.

I t(2™ tal+27 a2+ . . . +2%am) (22)

Qoaar (27 161427202+ . .. +2%m) (23)

where “m” denotes a predetermined integer equal to or
greater than “27’; (al, bl), (a2, b2), .. ., (am, bm) are binary
code words of “1” and “-1""; and *“r” denotes a predetermined
constant.

An example of the 2°-value QAM executed in the QAM
modulator 112F 1s 16-value QAM. FIG. 43 shows an arrange-
ment of signal points 1n an I-Q plane which are provided by
the 16-value QAM. In FIG. 43, the signal points are denoted
by the reference numeral “701”. The signal points are
assigned to different values (different logic states) respec-
tively. The positions (I, 5 424 Q1 60.42,) OT the signal points are
given by the following equations.

I 60an~s(2"a1+2%2) (24)

Q160.42-5(2'b1+2°b2) (25)

where (al, b1l) and (a2, b2) are binary code words of *“1”” and
“~17, and “s” denotes a predetermined constant.

With reference to FI1G. 44, a pair of the I signal and the @
signal outputted from the quadrature baseband modulator 1n
the transmitter (see FI1G. 30), or the RF signal outputted from
the RF portion 1n the transmitter 1s composed of a stream of
frames each having N successive symbols. Here, N denotes a
predetermined natural number. In every frame, the first sym-
bol results from the BPSK modulation, and the second and
later symbols result from the 16-value QAM. The first symbol
in every frame (that 1s, the BPSK symbol 1n every frame) 1s
used by the receiver as a pilot symbol for estimating an
amplitude distortion amount and a frequency offset amount.
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It should be noted that every pilot symbol also carries a part of
the main information to be transmitted.

In the receiver (see FI1G. 32), the calculator 125 separates
pilot symbols (first symbols 1n frames) from the output I and
Q signals of the RF portion 122 1n response to a signal (a
frame and symbol sync signal) having a period corresponding
to N symbols. The calculator 125 estimates an amplitude
distortion amount from the separated pilot symbols. Simi-
larly, the calculator 126 separates pilot symbols (first symbols
in frames) from the output I and Q signals of the RF portion
122 1n response to a signal (a frame and symbol sync signal)
having a period corresponding to N symbols. The calculator
126 estimates a frequency olfset amount from the separated
pilot symbols.

The quasi1 synchronous detector 129 in the recerver (see
FIG. 32) 1s designed to implement the following processes.
The quasi synchronous detector 129 subjects the output I and
Q signals of the RF portion 122 to BPSK demodulation and
outputs the BPSK-demodulation-resultant digital signal
when the output I and Q signals of the RF portion 122 repre-
sent a pilot symbol. The quasi synchronous detector 129
subjects the output I and Q signals of the RF portion 122 to
16-value QAM demodulation and outputs the QAM-de-
modulation-resultant digital signal when the output I and Q)
signals of the RF portion 122 represent a normal symbol
different from a pilot symbol.

The 16-value QAM 1mplemented by the 16-value QAM
modulator 112A provides 16 different signal points to which
16 different logic states are assigned respectively. For sym-
bols following a BPSK symbol in every frame, the 16-value
QAM modulator 112A determines the assignment of the
logic stages to the signal points on the basis of the signal point
used by the BPSK symbol. The signal point used by the BPSK
symbol 1s represented by a pair of BPSK-modulation-result-
ant I and Q) signals fed from the BPSK modulator 112B. In the
case where a signal point 901 A on the positive side of the I
axis 1s used by a BPSK symbol, the 16-value QAM modulator
112A assigns 4-bit sets of “0000”, <0001, <0010,
“1110”, and “1111” 1n the input digital signal to 16 81gnal
points 902 for following symbols as shown in FIG. 45. In the

case where a signal point 901 A on the negative side of the I
axis 1s used by a BPSK symbol, the 16-value QAM modulator
112A assigns 4-bit sets of “0000”, “0001”, “00107,

“1110”, and *“1111” 1n the input digital signal to 16 81gnal
points 902 for following symbols as shown 1n FIG. 46.

Seventeenth Embodiment

A seventeenth embodiment of this invention i1s similar to
the fifteenth embodiment thereol except for design changes
indicated hereimaftter.

As shown in FI1G. 47, a modulator (a quadrature baseband
modulator) 1in a transmitter 1n the seventeenth embodiment of
this invention includes a 2°"-value QAM (quadrature ampli-
tude modulation) modulator 112G 1instead of the 8PSK modu-
lator 112 A (see FI1G. 31). Here, “m™ denotes a predetermined
integer equal to or greater than 2.

As shown 1 FIG. 48, a quas1 synchronous detector 1n a
receiver 1n the seventeenth embodiment of this invention
includes a 2°™-value QAM demodulator 129E instead of the
8PSK demodulator 129A (see FIG. 33). The 2°™"-value QAM
demodulator 129E implements demodulation inverse with
respect to the modulation by the QAM modulator 112G.

FI1G. 49 shows an arrangement of signal points 1n an I-Q)
plane which are provided by 2°”-value QAM executed in the
QAM modulator 112G. In FIG. 49, the signal points are

denoted by the reference numeral “1001A”. The signal points
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are assigned to different logic values respectively. The posi-
tions of the signal points 1n FIG. 49 result from rotation of the
signal points 1n FIG. 42 through an angle of /4 radian about
the ongin. Specifically, the positions (1, 45/z, Qoazr) 01 the
signal points 1n FIG. 49 are given by the following equations.

o =Tonfeol + T )

7T nw

Qo Sl F)

where “n” denotes an mnteger, and (1, 4,,, Q 44,) are given by

the equations (22) and (23).

An example of the 2°"-value QAM executed in the QAM
modulator 112G 1s 16-value QAM. FIG. 50 shows an
arrangement of signal points 1n an I-Q plane which are pro-
vided by the 16-value QAM. In FIG. 50, the signal points are
denoted by the reference numeral “1101”. The signal points
are assigned to ditferent logic states (different values) respec-
tively. The positions of the signal points 1n FIG. 50 result from
rotation of the signal points in FIG. 43 through an angle ot t/4
radian about the origin. Specifically, the positions (1,4 4a/z
Qis0nz4r) 0f the signal points in FIG. 50 are given by the
following equations.

Li6pamr = IlﬁQAM{CDS(;—r + ?)} — QlﬁQAM{Siﬂ(g + ?)} (28)
Qiepamr = IlﬁQAM{Siﬂ(g + ?)} + Qepan {cms(g + ?)} (29)
where “n” denotes an integer, and (1, 5,41 Q1 60427 are given

by the equations (24) and (23).

A pair of the I signal and the Q) signal outputted from the
quadrature baseband modulator in the transmitter (see FIG.
30), or the RF signal outputted from the RF portion 1n the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
BPSK modulation, and the second and later symbols result
from the 16-value QAM. The first symbol 1n every frame (that
1s, the BPSK symbol 1n every frame) 1s used by the receiver as
a pilot symbol for estimating an amplitude distortion amount
and a frequency offset amount. It should be noted that every
pilot symbol also carries a part of the main information to be
transmitted.

In the receiver (see FI1G. 32), the calculator 125 separates
pilot symbols (first symbols 1n frames) from the output I and
Q signals of the RF portion 122 1n response to a signal (a
frame and symbol sync signal ) having a period corresponding
to N symbols. The calculator 125 estimates an amplitude
distortion amount from the separated pilot symbols. Simi-
larly, the calculator 126 separates pilot symbols (first symbols
in frames) from the output I and Q signals of the RF portion
122 1n response to a signal (a frame and symbol sync signal )
having a period corresponding to N symbols. The calculator
126 estimates a frequency oifset amount from the separated
pilot symbols.

The quasi synchronous detector 129 1n the receiver (see
FIG. 32) 1s designed to implement the following processes.
The quasi synchronous detector 129 subjects the output I and
Q signals of the RF portion 122 to BPSK demodulation and
outputs the BPSK-demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 122 repre-
sent a pilot symbol. The quasi synchronous detector 129
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subjects the output I and Q signals of the RF portion 122 to
16-value QAM demodulation and outputs the QAM-de-

modulation-resultant digital signal when the output I and Q
signals of the RF portion 122 represent a normal symbol
different from a pilot symbol.

The 16-value QAM implemented by the 16-value QAM
modulator 112G provides 16 different signal points to which
16 different logic states are assigned respectively. For sym-
bols following a BPSK symbol in every frame, the 16-value
QAM modulator 112G determines the assignment of the
logic states to the signal points on the basis of the signal point
used by the BPSK symbol. The signal point used by the BPSK
symbol 1s represented by a pair of BPSK-modulation-result-
ant I and Q) signals fed from the BPSK modulator 112B. In the
case where a signal point 1201 on the positive side of the I axis
1s used by a BPSK symbol, the 16-value QAM modulator
112G assigns 4-bit sets of “0000”, <0001, <0010,
“1110”, and “1111” 1n the input digital signal to 16 81gnal
points 1202 for following symbols as shown in FI1G. 51. Inthe

case where a signal point 1201 on the negative side of the I
axis 1s used by a BPSK symbol, the 16-value QAM modulator
112G assigns 4-bit sets of “0000”, “0001”, “00107,

“1110”, and “1111” 1n the input digital signal to 16 81gnal
points 1202 for following symbols as shown 1n FIG. 52.

Eighteenth Embodiment

An eighteenth embodiment of this invention 1s similar to
the fifteenth embodiment thereol except for design changes
indicated hereinaftter.

As shown in FIG. 53, a modulator (a quadrature baseband
modulator) 1n a transmitter 1n the eighteenth embodiment of
this invention includes a QPSK (quadrature phase shift key-

ing) modulator 112H nstead of the BPSK modulator 112B
(see FIG. 31).
As shown i FIG. 54, a quasi1 synchronous detector 1n a

receiver 1n the eighteenth embodiment of this invention
includes a QPSK demodulator 129F 1nstead of the BPSK

demodulator 129B (see FIG. 33). The QPSK demodulator
129F implements demodulation mnverse with respect to the
modulation by the QPSK modulator 112H.

FIG. 55 shows an arrangement of signal points 1n an I-Q)
plane which are provided by the QPSK modulation executed
in the QPSK modulator 112H. In FIG. 55, the signal points
are denoted by the reference numeral “1301”. The positions
(Uppsx Qopsxk) 0f the signal points are given by the following
equations.

lopsk = u{cms(;—r)cos(k;] — Sin(g)giﬂ(kg]} (30)
QQPSK — U{CDS(;—T)SM(%] + sin(;—r)cms(k;]} (31)
where “K” denotes a variable integer, and “u” denotes a pre-

determined constant. With reference to FIG. 55, all the signal
points correspond to a same amplitude given by the constant
“u”. In addition, all the distances between the neighboring
signal points are equal to a same value given by V2u. Further-
more, the signal points are spaced at equal angular intervals.
Accordingly, a QPSK modulation-resultant signal 1s suited
for detecting an amplitude distortion and a frequency oilset.

With reference to FIG. 56, a pair of the I signal and the Q
signal outputted from the quadrature baseband modulator 1n
the transmitter (see FIG. 30), or the RF signal outputted from
the RF portion 1n the transmitter 1s composed of a stream of
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frames each having N successive symbols. Here, N denotes a
predetermined natural number. In every frame, the first sym-
bol results from the QPSK modulation, and the second and
later symbols result from the 8PSK modulation. The first
symbol 1n every frame (that 1s, the QPSK symbol in every
frame) 1s used by the recerver (see FI1G. 32) as a pilot symbol
for estimating an amplitude distortion amount and a fre-
quency offset amount. It should be noted that every pilot
symbol also carries a part of the main information to be
transmuitted.

In the receiver (see FI1G. 32), the calculator 125 separates
pilot symbols (first symbols 1n frames) from the output I and
Q signals of the RF portion 122 1n response to a signal (a
frame and symbol sync signal ) having a period corresponding
to N symbols. The calculator 125 estimates an amplitude
distortion amount from the separated pilot symbols. Simi-
larly, the calculator 126 separates pilot symbols (first symbols
in frames) from the output I and Q signals of the RF portion
122 1n response to a signal (a frame and symbol sync signal)
having a period corresponding to N symbols. The calculator
126 estimates a frequency olfset amount from the separated
pilot symbols.

The quasi synchronous detector 129 1n the receiver (see
FIG. 32) 1s designed to implement the following processes.
The quasi synchronous detector 129 subjects the output I and
Q signals of the RF portion 122 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q signals of the RF portion 122 repre-
sent a pilot symbol. The quasi synchronous detector 129
subjects the output I and Q signals of the RF portion 122 to
8PSK demodulation and outputs the 8PSK-demodulation-
resultant digital signal when the output I and Q signals of the
RF portion 122 represent a normal symbol different from a

pilot symbol.

The QPSK modulator 112H 1n the quadrature baseband
modulator 112 of the transmitter 1s designed to implement
processes indicated below. The phase of an 1-th QPSK symbol
in the I-QQ plane 1s denoted by “¢.”, and the phase of an
(1+1)-th QPSK symbol 1n the I-Q plane 1s denoted by “¢,, ,”
The QPSK modulator 112H determines the phase “0,_,” of
the (1+1)-th QPSK symbol 1n an x-y plane on the basis of the
difference between the phases “¢,” and “¢,, ,” according to

the following equation.

I+ 1

ef+l:q)i+l_q)i(mﬂd' 231:) (32)

The QPSK modulator 112H implements QPSK modulation
providing four signal points which are respectively on the
positive side of the x axis, the negative side of the x axis, the
positive side of the y axis, and the negative side of the y axis

in the x-y plane as shown 1n FIG. 57. The QPSK modulator
112H assigns 2-bit sets of “007, 017, 107, and “11” to the
positive-x signal point, the positive-y signal point, the nega-
tive-y signal point, and the negative-x signal point, respec-
tively. Accordingly, a 2-bit set of “00” corresponds to the
absence of any phase change between two successive sym-
bols. A 2-bit set of “01” corresponds to the presence of aphase
change of /2 radian between two successive symbols. A 2-bit
set of “11” corresponds to the presence of a phase change of
nt radian between two successive symbols. A 2-bit set of “10”
corresponds to the presence of a phase change of 37/2 radian
between two successive symbols. The QPSK modulator
112H outputs a pair of modulation-resultant I and QQ signals to
the switches 112D and 112E. The QPSK modulator 112H
includes a latch or a register for sampling and holding a pair
of modulation-resultant I and ) signals which are selected by
the switches 112D and 112E. The modulation-resultant I and
Q signals held by the latch or the register are periodically
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updated. The QPSK modulator 112H outputs a pair of held
modulation-resultant I and Q) signals to the 8PSK modulator
112A.

The 8PSK modulation implemented by the 8PSK modula-
tor 112A provides 8 different signal points to which 8 differ- >
ent logic states are assigned respectively. For symbols follow-
ing a QPSK symbol in every frame, the SPSK modulator
112A determines the assignment of the logic states to the
signal points on the basis of the signal point used by the QPSK
symbol. The signal point used by the QPSK symbol 1s repre-
sented by a pair of QPSK-modulation-resultant I and Q sig-
nals fed from the QPSK modulator 112H. In the case where a
positive-1 positive-Q signal point 1601 1s used by a QPSK
symbol, the 8PSK modulator 112A assigns 3-bit sets of .
“0007, <0017, <0107, 0117, “1007, %1017, “110”, and “111”

in the mnput digital signal to eight signal points 1602 for
tollowing symbols as shown 1n FIG. 58. In the case where a
negative-1 positive-Q signal point 1601 1s used by a QPSK
symbol, the 8PSK modulator 112A assigns 3-bit sets of 20
“0007, <0017, 0107, %011, <1007, “101”,*110”, and “111”

in the mput digital signal to eight signal points 1602 for
following symbols as shown 1n FIG. 59. In the case where a
negative-1 negative-() signal point 1601 1s used by a QPSK
symbol, the 8PSK modulator 112A assigns 3-bit sets of 25
“0007, <0017, <0107, 0117, 1007, %1017, “110”, and 111~
in the mput digital signal to eight signal points 1602 for
following symbols as shown 1n FIG. 60. In the case where a
positive-1 negative-Q signal point 1601 1s used by a QPSK
symbol, the 8PSK modulator 112A assigns 3-bit sets of 30
“0007, <0017, <0107, 0117, *“1007, 1017, “110”, and “111”

in the mput digital signal to eight signal points 1602 for
following symbols as shown in FIG. 61.

10

Nineteenth Embodiment 35

A nineteenth embodiment of this invention 1s similar to the
sixteenth embodiment thereot except for design changes indi-
cated hereinafter.

As shown 1n FIG. 62, a modulator (a quadrature baseband 40
modulator) 1n a transmitter 1n the nineteenth embodiment of
this invention mcludes a QPSK modulator 112H 1nstead of
the BPSK modulator 112B (see FIG. 40).

As shown 1 FIG. 63, a quas1 synchronous detector 1n a
receiver in the nineteenth embodiment of this invention 45
includes a QPSK demodulator 129F instead of the BPSK
demodulator 129B (see FIG. 41). The QPSK demodulator
129F implements demodulation nverse with respect to the
modulation by the QPSK modulator 112H.

The QPSK modulator 112H implements QPSK modula-
tion providing signal points which are arranged 1n an I-Q)
plane as shown in FIG. 3S. The positions (1,55x, Qppsx) 0F
the signal points are given by the equations (30) and (31).

With reference to FIG. 64, a pair of the I signal and the Q
signal outputted from the quadrature baseband modulator 1n 55
the transmitter (see FIG. 30), or the RF si1gnal outputted from
the RF portion in the transmitter 1s composed of a stream of
frames each having N successive symbols. Here, N denotes a
predetermined natural number. In every frame, the first sym-
bol results from the QPSK modulation, and the second and
later symbols result from the 2°”'-value QAM, for example,
the 16-value QAM. The first symbol 1n every frame (that 1s,
the QPSK symbol 1n every frame) 1s used by the recerver (See
FIG. 32) as a pilot symbol for estimating an amplitude dis-
tortion amount and a frequency offset amount. It should be
noted that every pilot symbol also carries a part of the main
information to be transmitted.
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In the recerver (see FIG. 32), the calculator 125 separates
pilot symbols (first symbols 1n frames) from the output I and
Q signals of the RF portion 122 1n response to a signal (a
frame and symbol sync signal ) having a period corresponding
to N symbols. The calculator 125 estimates an amplitude
distortion amount from the separated pilot symbols. Simi-
larly, the calculator 126 separates pilot symbols (first symbols
in frames) from the output I and Q signals of the RF portion
122 1n response to a signal (a frame and symbol sync signal)
having a period corresponding to N symbols. The calculator
126 estimates a frequency olfset amount from the separated
pilot symbols.

The quasi synchronous detector 129 1n the recetver (see
FIG. 32) 1s designed to implement the following processes.
ects the output I and
Q signals of the RF portion 122 to QPSK demodulation and
outputs the QPSK demodulation-resultant digital signal
when the output I and Q) signals of the RF portion 122 repre-
sent a pilot symbol. The quasi synchronous detector 129
subjects the output I and Q signals of the RF portion 122 to
2°"_value QAM demodulation and outputs the QAM-de-
modulation-resultant digital signal when the output I and Q
signals of the RF portion 122 represent a normal symbol
different from a pilot symbol.

The QPSK modulator 112H 1n the quadrature baseband
modulator 112 of the transmitter 1s designed to implement
processes indicated below. The phase of ani1-th QPSK symbol
in the I-Q plane 1s denoted by “¢,”, and the phase of an
(1+1)-th QPSK symbol 1n the I-Q plane 1s denoted by “¢_. ,”
The QPSK modulator 112H determines the phase “0,_,” of
the (1+1)-th QPSK symbol in an x-y plane on the basis of the
difference between the phases “¢.” and “¢,. ,” according to
the equation (32). The QPSK modulator 112H 1implements
QPSK modulation providing four signal points which are
respectively on the positive side ol the x axis, the negative side
of the x axis, the positive side of the y axis, and the negative
side of the y axis in the x-y plane as shown in FIG. 57. The
QPSK modulator 112H assigns 2-bit sets o1 007, 017, *“107,
and “11” to the positive-x signal point, the positive-y signal
point, the negative-y signal point, and the negative-x signal
point, respectively. The QPSK modulator 112H outputs a pair
of modulation-resultant I and Q signals to the switches 112D
and 112E. The QPSK modulator 112H includes a latch or a
register for sampling and holding a pair of modulation-result-
ant I and Q) signals which are selected by the switches 112D
and 112E. The modulation-resultant I and Q signals held by
the latch or the register are periodically updated. The QPSK
modulator 112H outputs a pair of held modulation-resultant I
and Q signals to the 2°™"-value QAM modulator 112F.

An example of the modulation implemented by the 2°-
value QAM modulator 112F 1s the 16-value QAM. The
16-value QAM by the 2°™-value QAM modulator 112F pro-
vides 16 different signal points to which 16 different logic
states are assigned respectively. For symbols following a
QPSK symbol 1n every frame, the 16-value QAM modulator
112F determines the assignment of the logic states to the
signal points on the basis of the signal point used by the QPSK
symbol. The signal point used by the QPSK symbol is repre-
sented by a pair of QPSK-modulation-resultant I and Q sig-
nals fed from the QPSK modulator 112H. In the case where a
positive-1 positive-Q signal point 1801 1s used by a QPSK
symbol, the 16-value QAM modulator 112F assigns 4-bit sets
of 00007, <0001, «“00107, .. ., “1110”, and “1111” 1n the
input digital signal to sixteen signal points 1802 for following
symbols as shown in FIG. 65. In the case where a negative-I1
positive-Q signal point 1801 1s used by a QPSK symbol, the
16-value QAM modulator 112F assigns 4-bit sets of <0000,
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“00017, 00107, ...,%1110”, and “1111” 1n the 1input digital
signal to sixteen signal points 1802 for following symbols as
shown 1n FIG. 66. In the case where a negative-1 negative-()
signal point 1801 1s used by a QPSK symbol, the 16-value
QAM modulator 112F assigns 4-bit sets of “0000”, “0001”,
“00107,...,%1110”, and *“1111” 1n the mput digital signal to

sixteen signal points 1802 for following symbols as shown 1n
FIG. 67. In the case where a positive-I negative-Q signal point

1801 1s used by a QPSK symbol, the 16-value QAM modu-
lator 112F assigns 4-bit sets of <0000, 00017, “00107, . . .,
“1110”, and “1111” 1n the input digital signal to sixteen signal
points 1802 for following symbols as shown in FIG. 68.

Twentieth Embodiment

A twentieth embodiment of this invention 1s similar to the
fifteenth embodiment thereof except for design changes indi-
cated hereinafter.

As shown in FIG. 69, a modulator (a quadrature baseband
modulator) in a transmitter in the twentieth embodiment of
this invention includes a QPSK (quadrature phase shiit key-
ing) modulator 1127J instead of the BPSK modulator 112B
(see FIG. 31).

As shown 1n FIG. 70, a quasi1 synchronous detector 1n a
receiver 1n the twentieth embodiment of this invention
includes a QPSK demodulator 129G nstead of the BPSK
demodulator 129B (see FIG. 33). The QPSK demodulator
129G implements demodulation 1nverse with respect to the
modulation by the QPSK modulator 1121].

FIG. 71 shows an arrangement of signal points 1n an I-Q)
plane which are provided by QPSK modulation implemented
by the QPSK modulator 1121]. In FIG. 71, the signal points are
denoted by the reference numeral “1901”. The positions
Uppsxrs Qopsxr) 01 the signal points are given by the fol-
lowing equations.

lopskr = IQPSK{CGS(;—T + ?)} — QQPSK{SiIl(;—r + ?)} (33)

7T nma

Qopskr = IQPSK{Siﬂ(Z + 7)} + QQPSK{ms(;—T + ?)} (34)

where “n” denotes an integer, and (Qypsx, Qopsx) are given
by the equations (30) and (31). With reference to FIG. 71, all
the s1ignal points correspond to a same amplitude. In addition,
all the distances between the neighboring signal points are
equal to a same value. Furthermore, the signal points are
spaced at equal angular intervals. Accordingly, a QPSK
modulation-resultant signal 1s suited for detecting an ampli-
tude distortion and a frequency oifset.

A pair of the I signal and the Q signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.
30), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 8PSK modulation. The first symbol in every frame
(that 15, the GPSK symbol 1n every frame) i1s used by the
receiver (see FIG. 32) as a pilot symbol for estimating an
amplitude distortion amount and a frequency oifset amount.
It should be noted that every pilot symbol also carries a part of
the main information to be transmaitted.

In the receiver (see FI1G. 32), the calculator 125 separates
pilot symbols (first symbols 1n frames) from the output I and
Q signals of the RF portion 122 1n response to a signal (a
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frame and symbol sync signal) having a period corresponding
to N symbols. The calculator 125 estimates an amplitude
distortion amount from the separated pilot symbols. Simi-
larly, the calculator 126 separates pilot symbols (first symbols
in frames) from the output I and Q signals of the RF portion
122 1n response to a signal (a frame and symbol sync signal)
having a period corresponding to N symbols. The calculator
126 estimates a frequency oifset amount from the separated
pilot symbols.

The quasi synchronous detector 129 1n the receiver (see
FIG. 32) 1s designed to implement the following processes.
The quasi synchronous detector 129 subjects the output I and
Q signals of the RF portion 122 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q signals of the RF portion 122 repre-
sent a pilot symbol. The quasi synchronous detector 129
subjects the output I and Q signals of the RF portion 122 to
8PSK demodulation and outputs the 8PSK-demodulation-
resultant digital signal when the output I and Q signals of the
RF portion 122 represent a normal symbol different from a
pilot symbol.

The QPSK modulator 112J in the quadrature baseband
modulator 112 of the transmitter 1s designed to implement
processes indicated below. The phase of an 1-th QPSK symbol
in the I-QQ plane 1s denoted by “¢.”, and the phase of an

F

(1+1)-th QPSK symbol 1n the I-Q plane 1s denoted by “¢,. ,”
The QPSK modulator 112J determines the phase “0,_,” of the
(1+1)-th QPSK symbol 1n an x-y plane on the basm of the
difference between the phases “¢,” and “¢,, ,” according to
the following equation.

0, 17¢; 1~ P (mod. 27) (35)

The QPSK modulator 112] implements QPSK modulation
providing four signal points which are spaced at equal angular
intervals. The QPSK modulator 112] assigns 2-bit sets of
“007, <017, “10”, and “11” to the four signal poin‘[s respec-
tively. The QPSK modulator 112J outputs a pair ol modula-
tion-resultant I and Q signals to the switches 112D and 112E.
The QPSK modulator 1121J includes a latch or a register for
sampling and holding a pair of modulation-resultant I and Q)
signals which are selected by the switches 112D and 112E.
The modulation-resultant I and Q signals held by the latch or
the register are periodically updated. The QPSK modulator

112] outputs a pair of held modulation-resultant I and Q
signals to the 8PSK modulator 112A.

The 8PSK modulation implemented by the 8PSK modula-
tor 112 A provides 8 different signal points to which 8 differ-
ent logic states are assigned respectively. For symbols follow-
ing a QPSK symbol in every frame, the S8PSK modulator
112A determines the assignment of the logic states to the
signal points on the basis of the signal point used by the QPSK
symbol. The signal point used by the QPSK symbol 1s repre-
sented by a pair of QPSK-modulation-resultant I and Q sig-
nals fed from the QPSK modulator 1121]. In the case where a
signal point 2001 on the positive side of the I axis 1s used by
a QPSK symbol, the 8PSK modulator 112 A assigns 3-bit sets
of “0007, <001, <0107, <0117, *“1007, <101, “110”, and
“111” 1in the input digital signal to eight signal points 2002 for
following symbols as shown 1n FIG. 72. In the case where a

signal point 2001 on the positive side of the Q axis 1s used by
a QPSK symbol, the 8PSK modulator 112 A assigns 3-bit sets

Of GGOOO?J?:' iiOOl?? “010’35 EiOl 13‘3‘5 GilOO??j “1013"! Gﬁl 1()?&j and
“111” 1n the mnput digital signal to eight signal points 2002 for
following symbols as shown 1n FIG. 73. In the case where a

signal point 2001 on the negative side of the I axis 1s used by
a QPSK symbol, the 8PSK modulator 112 A assigns 3-bit sets

Of GGOOO??j GﬁOOlﬂ'?j GiOlOﬂ'?j GiOllﬂ'?j GilOOﬂ'?j GilOlﬂ'?j GillOﬂ'?j and
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“111” 1in the input digital signal to eight signal points 2002 for
tollowing symbols as shown 1n FIG. 74. In the case where a

signal point 2001 on the negative side of the QQ axis 1s used by
a QPSK symbol, the 8PSK modulator 112 A assigns 3-bit sets
Of “000”5 GiOOl ?ﬂ'j GiOlOﬂ'?j GGOI 13‘5‘5 14 1 00’55 14 1 01 3'5'5 Gil 10’55 and

“111” 1 the input digital signal to eight signal points 2002 for
following symbols as shown in FIG. 75.

Twenty-First Embodiment

A twenty-first embodiment of this mvention 1s similar to
the sixteenth embodiment thereof except for design changes
indicated hereiaftter.

As shown 1n FIG. 76, a modulator (a quadrature baseband
modulator) 1n a transmitter 1n the twenty-first embodiment of
this invention includes a QPSK (quadrature phase shiit key-

ing) modulator 112J 1nstead of the BPSK modulator 112B
(see FIG. 40). The QPSK modulator 112J implements QPSK
modulation providing signal points which are arranged 1n an
I-Q plane as shown 1n FIG. 71.

As shown 1n FIG. 77, a quasi synchronous detector 1n a

receiver 1 the twenty-first embodiment of this invention
includes a QPSK demodulator 129G nstead of the BPSK

demodulator 129B (see FIG. 41). The QPSK demodulator
129G implements demodulation 1nverse with respect to the
modulation by the QPSK modulator 1121.

A pair of the I signal and the Q signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.
30), or the RF signal outputted from the RF portion in the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 2°"-value QAM modulation. The first symbol in
every frame (that 1s, the QPSK symbol in every frame) 1s used
by the recerver (see FI1G. 32) as a pilot symbol for estimating,
an amplitude distortion amount and a frequency ofifset
amount. It should be noted that every pilot symbol also carries
a part of the main information to be transmitted.

In the recerver (see FIG. 32), the calculator 125 separates
pilot symbols (first symbols 1n frames) from the output I and
Q signals of the RF portion 122 1n response to a signal (a
frame and symbol sync signal) having a period corresponding
to N symbols. The calculator 125 estimates an amplitude
distortion amount from the separated pilot symbols. Simi-
larly, the calculator 126 separates pilot symbols (first symbols
in frames) from the output I and Q signals of the RF portion
122 1n response to a signal (a frame and symbol sync signal)
having a period corresponding to N symbols. The calculator
126 estimates a frequency oifset amount from the separated
pilot symbols.

The quasi1 synchronous detector 129 in the receiver (see
FIG. 32) 1s designed to implement the following processes.
The quasi synchronous detector 129 subjects the output I and
Q signals of the RF portion 122 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q signals of the RF portion 122 repre-
sent a pilot symbol. The quasi synchronous detector 129
subjects the output I and Q signals of the RF portion 122 to
2°"_value QAM demodulation and outputs the QAM-de-
modulation-resultant digital signal when the output I and Q
signals of the RF portion 122 represent a normal symbol
different from a pilot symbol.

The QPSK modulator 112J 1n the quadrature baseband
modulator 112 of the transmitter 1s designed to implement
processes indicated below. The phase of an 1-th QPSK symbol
in the I-QQ plane 1s denoted by “¢.”, and the phase of an
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(1+1)-th QPSK symbol 1n the I-Q plane i1s denoted by “¢,_ ;™.

i+1
The QPSK modulator 112J determines the phase “0__ ,” of the
(1+1)-th QPSK symbol 1n an x-y plane on the basis of the
difference between the phases “¢,” and “¢,, ,” according to
the equation (35). The QPSK modulator 112] implements
QPSK modulation providing four signal points which are
spaced at equal angular intervals. The QPSK modulator 1121
assigns 2-bit sets of 00, <017, “10”, and “11” to four signal
points 1n the x-y plane respectively. The QPSK modulator

112] outputs a pair of modulation-resultant I and Q) signals to
the switches 112D and 112E. The QPSK modulator 1121]

includes a latch or a register for sampling and holding a pair

of modulation-resultant I and ) signals which are selected by
the switches 112D and 112E. The modulation-resultant I and

Q signals held by the latch or the register are periodically

updated. The QPSK modulator 112J outputs a pair of held
modulation-resultant I and Q signals to the 2°"-value QAM
modulator 112F.

An example of the modulation implemented by the 2°"'-
value QAM modulator 112F 1s the 16-value QAM. The

16-value QAM by the 2°"*-value QAM modulator 112F pro-

vides 16 different signal points to which 16 different logic
states are assigned respectively. For symbols following a
QPSK symbol 1n every frame, the 16-value QAM modulator
112F determines the assignment of the logic states to the
signal points on the basis of the signal point used by the QPSK
symbol. The signal point used by the QPSK symbol 1s repre-
sented by a pair of QPSK-modulation-resultant I and Q sig-
nals fed from the QPSK modulator 112J. In the case where a
signal point 2101 on the positive side of the I axis 1s used by
a QPSK symbol, the 16-value QAM modulator 112F assigns
4-bit sets of “00007, 000177, 0010, ..., “1110”, and 1111”7
in the input digital signal to sixteen signal points 2102 for
following symbols as shown 1n FIG. 78. In the case where a
signal point 2101 on the positive side of the Q axis 1s used by
a QPSK symbol, the 16-value QAM modulator 112F assigns
4-bit sets of “00007, 000177, 0010, ..., “1110”, and 1111”7
in the mput digital signal to sixteen signal points 2102 for
following symbols as shown 1n FIG. 79. In the case where a
signal point 2101 on the negative side of the I axis 1s used by
a QPSK symbol, the 16-value QAM modulator 112F assigns
4-bit sets o1 <“00007, 000177, 00107, ..., “1110”, and 1111”7
in the input digital signal to sixteen signal points 2102 for
following symbols as shown 1n FIG. 80. In the case where a

signal point 2101 on the negative side of the Q axis 1s used by
a QPSK symbol, the 16-value QAM modulator 112F assigns

4-bit sets of “0000”, “0001°,00107, ...,*1110”,and 11117
in the input digital signal to sixteen signal points 2102 for
following symbols as shown in FIG. 81.

Twenty-Second Embodiment

A twenty-second embodiment of this invention 1s similar to
the seventeenth embodiment thereof except for design
changes indicated hereinafter.

As shown 1n FIG. 82, a modulator (a quadrature baseband
modulator) 1n a transmitter 1n the twenty-second embodiment
of this mvention includes a QPSK (quadrature phase shiit
keying) modulator 112H instead of the BPSK modulator
112B (see FIG. 47). The QPSK modulator 112H implements
QPSK modulation providing signal points which are
arranged 1n an I-Q) plane as shown in FIG. 55.

As shown 1n FIG. 83, a quas1 synchronous detector in a

receiver 1n the twenty-second embodiment of this mnvention
includes a QPSK demodulator 129F 1instead of the BPSK

demodulator 129B (see FIG. 48). The QPSK demodulator
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129F implements demodulation inverse with respect to the
modulation by the QPSK modulator 112H.

A pair of the I signal and the Q signal outputted from the
quadrature baseband modulator 1n the transmitter (see FIG.
30), or the RF signal outputted from the RF portion 1n the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 2°"-value QAM modulation. The first symbol in
every frame (that 1s, the QPSK symbol 1in every frame) 1s used
by the recerver (see FI1G. 32) as a pilot symbol for estimating,
an amplitude distortion amount and a frequency offset
amount. It should be noted that every pilot symbol also carries
a part of the main information to be transmaitted.

In the recerver (see FIG. 32), the calculator 125 separates
pilot symbols (first symbols 1n frames) from the output I and
Q signals of the RF portion 122 1n response to a signal (a
frame and symbol sync signal) having a period corresponding
to N symbols. The calculator 125 estimates an amplitude
distortion amount from the separated pilot symbols. Simi-
larly, the calculator 126 separates pilot symbols (first symbols
in frames) from the output I and Q signals of the RF portion
122 1n response to a signal (a frame and symbol sync signal)
having a period corresponding to N symbols. The calculator
126 estimates a frequency olfset amount from the separated
pilot symbols.

The quasi synchronous detector 129 1n the receiver (see
FIG. 32) 1s designed to implement the following processes.
The quasi synchronous detector 129 subjects the output I and
Q signals of the RF portion 122 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q signals of the RF portion 122 repre-
sent a pilot symbol. The quasi synchronous detector 129
subjects the output I and Q signals of the RF portion 122 to
2°"_value QAM demodulation and outputs the QAM-de-
modulation-resultant digital signal when the output I and Q
signals of the RF portion 122 represent a normal symbol
different from a pilot symbol.

The QPSK modulator 112H 1n the quadrature baseband
modulator 112 of the transmitter 1s designed to implement
processes indicated below. The phase of an 1-th QPSK symbol

in the I-Q plane 1s denoted by “¢,”, and the phase of an
(1+1)-th QPSK symbol 1n the I-Q plane 1s denoted by “¢,, ,”
The QPSK modulator 112H determines the phase “0, ,” of
the (1+1)-th QPSK symbol in an x-y plane on the basis of the
difference between the phases “¢,” and “¢,, ,” according to
the equation (32). The QPSK modulator 112H implements
QPSK modulation providing four signal points which are
spaced at equal angular intervals. The QPSK modulator 112H
assigns 2-bit sets of <007, “017, *“10”, and *“11” to four signal
points 1n the x-y plane respectively. The QPSK modulator
112H outputs a pair of modulation-resultant I and Q) signals to
the switches 112D and 112E. The QPSK modulator 112H
includes a latch or a register for sampling and holding a pair
of modulation-resultant I and Q signals which are selected by
the switches 112D and 112E. The modulation-resultant I and
Q signals held by the latch or the register are periodically
updated. The QPSK modulator 112H outputs a pair of held
modulation-resultant I and Q signals to the 2°"-value QAM
modulator 112G.

An example of the modulation implemented by the 27
value QAM modulator 112G 1s the 16-value QAM. The
16-value QAM by the 2°"*-value QAM modulator 112G pro-
vides 16 different signal points to which 16 different logic
states are assigned respectively. For symbols following a

QPSK symbol 1n every frame, the 16-value QAM modulator
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112G determines the assignment of the logic states to the
signal points on the basis of the signal point used by the QPSK
symbol. The signal point used by the QPSK symbol 1s repre-
sented by a pair of QPSK-modulation-resultant I and Q sig-
nals fed from the QPSK modulator 112H. In the case where a
positive-1 positive-Q signal point 2201 1s used by a QPSK
symbol, the 16-value QAM modulator 112G assigns 4-bit
sets of 00007, “00017, <0010, ..., *“1110”, and 1111 1n
the mput digital signal to sixteen signal points 2202 for fol-
lowing symbols as shown in FIG. 84. In the case where a
negative-1 positive-Q signal point 2201 1s used by a QPSK
symbol, the 16-value QAM modulator 112G assigns 4-bit
sets of 0000, “0001”, <0010, . .., *“1110”, and *“1111” 1n
the iput digital signal to sixteen signal points 2202 for fol-
lowing symbols as shown in FIG. 85. In the case where a
negative-1 negative-Q) signal point 2201 1s used by a QPSK
symbol, the 16-value QAM modulator 112G assigns 4-bit
sets of 00007, “0001”, <0010, ..., *1110”, and 1111 1n
the imnput digital signal to sixteen signal points 2202 for fol-
lowing symbols as shown in FIG. 86. In the case where a
positive-1 negative-(QQ signal point 2201 1s used by a QPSK
symbol, the 16-value QAM modulator 112G assigns 4-bit

sets of 00007, “0001”, <0010, ..., 11107, and “1111” 1n

the imnput digital signal to sixteen signal points 2202 for fol-
lowing symbols as shown in FIG. 87.

Twenty-Third Embodiment

A twenty-third embodiment of this invention 1s similar to
the seventeenth embodiment thereol except for design
changes indicated hereinatter.

As shown 1n FIG. 88, a modulator (a quadrature baseband
modulator) 1n a transmitter 1in the twenty-third embodiment of
this invention includes a QPSK (quadrature phase shiit key-

ing) modulator 112J instead of the BPSK modulator 1128
(see F1G. 47). The QPSK modulator 112J implements QPSK
modulation providing signal points which are arranged 1n an
I-Q plane as shown 1n FIG. 71.

As shown 1n FIG. 89, a quasi synchronous detector 1n a

receiver 1n the twenty-second embodiment of this invention
includes a QPSK demodulator 129G 1nstead of the BPSK

demodulator 129B (see FIG. 48). The QPSK demodulator
129G implements demodulation inverse with respect to the
modulation by the QPSK modulator 1121.

A pair of the I signal and the Q) signal outputted from the
quadrature baseband modulator in the transmitter (see FIG.
30), or the RF signal outputted from the RF portion 1n the
transmitter 1s composed of a stream of frames each having N
successive symbols. Here, N denotes a predetermined natural
number. In every frame, the first symbol results from the
QPSK modulation, and the second and later symbols result
from the 2°"-value QAM modulation. The first symbol in
every frame (that 1s, the QPSK symbol 1n every frame) 1s used
by the recerver (see FIG. 32) as a pilot symbol for estimating
an amplitude distortion amount and a frequency oifset
amount. It should be noted that every pilot symbol also carries
a part of the main information to be transmaitted.

In the receiver (see FI1G. 32), the calculator 125 separates
pilot symbols (first symbols 1n frames) from the output I and
Q signals of the RF portion 122 1n response to a signal (a
frame and symbol sync signal) having a period corresponding
to N symbols. The calculator 125 estimates an amplitude
distortion amount from the separated pilot symbols. Simi-
larly, the calculator 126 separates pilot symbols (first symbols
in frames) from the output I and Q signals of the RF portion
122 1n response to a signal (a frame and symbol sync signal)
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having a period corresponding to N symbols. The calculator
126 estimates a frequency oifset amount from the separated
pilot symbols.

The quasi synchronous detector 129 1n the receiver (see
FIG. 32) 1s designed to implement the following processes.
The quasi synchronous detector 129 subjects the output I and

Q signals of the RF portion 122 to QPSK demodulation and
outputs the QPSK-demodulation-resultant digital signal
when the output I and Q signals of the RF portion 122 repre-
sent a pilot symbol. The quasi synchronous detector 129
subjects the output I and Q signals of the RF portion 122 to

2°"_value QAM demodulation and outputs the QAM-de-

modulation-resultant digital signal when the output I and Q)
signals of the RF portion 122 represent a normal symbol
different from a pilot symbol.

The QPSK modulator 112J 1n the quadrature baseband
modulator 112 of the transmitter 1s designed to implement
processes indicated below. The phase of an 1-th QPSK symbol

in the I-Q plane 1s denoted by “¢,”, and the phase of an
(1+1)-th QPSK symbol 1n the I-Q plane 1s denoted by “¢_, ™.

i+1

The QPSK modulator 112H determines the phase “0, ,” of
the (1+1)-th QPSK symbol in an x-y plane on the basis of the
difference between the phases “¢.” and “¢,_,” according to
the equation (35). The QPSK modulator 112J implements
QPSK modulation providing four signal points which are
spaced at equal angular intervals. The QPSK modulator 1121
assigns 2-bit sets of “00, “01”, “10”, and “11” to four signal
points 1n the x-y plane respectively. The QPSK modulator
112] outputs a pair of modulation-resultant I and Q signals to
the switches 112D and 112E. The QPSK modulator 112]
includes a latch or a register for sampling and holding a pair
of modulation-resultant I and Q) signals which are selected by
the switches 112D and 112E. The modulation-resultant I and
Q signals held by the latch or the register are periodically
updated. The QPSK modulator 112]J outputs a pair of held
modulation-resultant I and Q signals to the 2*"*-value QAM
modulator 112G.

An example of the modulation implemented by the 27
value QAM modulator 112G 1s the 16-value QAM. The
16-value QAM by the 2°"-value QAM modulator 112G pro-
vides 16 different signal points to which 16 different logic
states are assigned respectively. For symbols following a
QPSK symbol 1n every frame, the 16-value QAM modulator
112G determines the assignment of the logic states to the
signal points on the basis of the signal pointused by the QPSK
symbol. The signal point used by the QPSK symbol 1s repre-
sented by a pair of QPSK-modulation-resultant I and Q sig-
nals fed from the QPSK modulator 112J. In the case where a
signal point 2301 on the positive side of the I axis 1s used by
a QPSK symbol, the 16-value QAM modulator 112G assigns
4-bit sets of “00007, 00017, 0010, ...,“1110”, and*“1111”
in the input digital signal to sixteen signal points 2302 for
following symbols as shown 1n FIG. 90. In the case where a

signal point 2301 on the positive side of the Q axis 1s used by
a QPSK symbol, the 16-value QAM modulator 112G assigns

4-bit sets of 00007, 00017, 00107, ...,“1110”, and*“1111”
in the mput digital signal to sixteen signal points 2302 for
following symbols as shown 1n FIG. 91. In the case where a

signal point 2301 on the negative side of the I axis 1s used by
a QPSK symbol, the 16-value QAM modulator 112G assigns

4-bit sets of “00007, “00017,0010,...,*1110”,and 1111~
in the input digital signal to sixteen signal points 2302 for
tollowing symbols as shown 1n FIG. 92. In the case where a

signal point 2301 on the negative side of the Q axis 1s used by
a QPSK symbol, the 16-value QAM modulator 112G assigns

4-bit sets of 00007, 00017, <0010, ...,“1110”, and*“1111”
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in the mput digital signal to sixteen signal points 2302 for
tollowing symbols as shown in FI1G. 93.

Simulation

Simulation was executed by a computer. During the simu-
lation, normal symbols were made on the basis of 16-value
QAM while pilot symbols were made on the basis of QPSK
modulation according to this invention. The normal symbols
and the pilot symbols were combined 1nto a symbol stream 1n
a way based on this invention. In the symbol stream, the
number of normal symbols between pilot symbols (that 1s, a
data symbol length) was equal to a given natural number “n”
while each of the separate pilot symbols was equal to “1” 1n
length. The given natural number “n” was “17°, “7”, or *“15”.
Accordingly, symbol streams of three types were generated.
During the simulation, each of the first-type symbol stream,
the second-type symbol stream, and the third-type symbol
stream was transmitted from a transmuitter to a recerver. In the
receiver, normal symbols were subjected to quasi synchro-
nous detection using 16-value QAM demodulation while
pilot symbols were subjected to delayed detection using
QPSK demodulation. Regarding the transmission of each of
the first-type symbol stream, the second-type symbol stream,
and the third-type symbol stream, the bit error rate was cal-
culated at a varying ratio of the 1-bit signal energy “Eb” to the
noise power density “IN0”. In the case where the given natural
number “n” was equal to “1”, as the ratio of the 1-bit signal
energy “Eb” to the noise power density “N0” increased, the
calculated bit error rate decreased along the curve D1 of FIG.
94. In the case where the given natural number “n” was equal
to 77, as the ratio of the 1-bit signal energy “Eb” to the noise
power density “NO0” increased, the calculated bit error rate
decreased along the curve D7 of FIG. 94. In the case where the
given natural number “n”” was equal to “15”, as the ratio of the
1-bit signal energy “Eb” to the noise power density “N0”
increased, the calculated bit error rate decreased along the
curve D15 of FIG. 94.

As comparative examples, similar stmulation was imple-
mented on a prior-art system. Specifically, normal symbols
were made on the basis of 16-value QAM while a signal point
corresponding to a maximum amplitude was used as pilot
symbols. The normal symbols and the pilot symbols were
combined 1nto a symbol stream in a prior-art way. In the
symbol stream, the number of normal symbols between pilot
symbols (that 1s, a data symbol length) was equal to a given
natural number “n”” while each of the separate pilot symbols
was equal to “1” 1n length. The given natural number “n” was
“17,°“7”, or “15”. Accordingly, symbol streams of three types
were generated. Each of the first-type symbol stream, the
second-type symbol stream, and the third-type symbol stream
was transmitted from a transmitter to a receiver. In the
receiver, the transmitted symbol stream was subjected to
quasi synchronous detection using 16-value QAM demodu-
lation. Regarding the transmission of each of the first-type
symbol stream, the second-type symbol stream, and the third-
type symbol stream, the bit error rate was calculated at a
varying ratio of the 1-bit signal energy “Eb” to the noise
power density “N0”. In the case where the given natural
number “n” was equal to “17, as the ratio of the 1-bit signal
energy “Eb” to the noise power density “IN0” increased, the
calculated bit error rate decreased along the curve E1 of FIG.
94. In the case where the given natural number “n” was equal
to 77, as the ratio of the 1-bit signal energy “Eb” to the noise
power density “NO0” increased, the calculated bit error rate
decreased along the curve E7 of FI1G. 94. In the case where the
given natural number “n”” was equal to “15”, as the ratio of the
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1-bit signal energy “Eb” to the noise power density “N0”
increased, the calculated bit error rate decreased along the
curve E15 of FIG. 94.

As shown 1n FIG. 94, the bit error rates (the curves D1, D7,
and D15) 1n this invention are better than the corresponding
prior-art bit error rates (the curves E1, E7, and E15).

What 1s claimed 1s:

1. A method for modulation, comprising the steps of:

regularly subjecting an input digital signal to first modula-

tion and second modulation to convert the mput digital
signal into a pair of a baseband I signal and a baseband
Q signal, the first modulation and the second modulation
being different from each other and regularly applied,
and

outputting the pair of the baseband I signal and the base-

band Q signal;

wherein the first modulation 1s at least 8-signal-point

modulation, and the second modulation 1s phase shift
keying;
wherein the phase shift keying provides periodically-
spaced symbols which represent corresponding portions
of the input digital signal 1n terms of differences between
phases of the periodically-spaced symbols; and

wherein the at least 8-signal-point modulation assigns
logic states of the input digital signal to respective signal
points for a first symbol in response to a signal point used
by a second symbol of the phase shift keying which
precedes the first symbol.

2. A method as recited 1n claim 1, wherein the phase shift
keying 1s quadrature phase shift keying.

3. A method as recited 1n claim 2, wherein the quadrature
phase shift keying provides signal points on an I axis and a )
axis 1 an I-Q plane.

4. A method as recited 1n claim 1, wherein the at least
8-signal-point modulation 1s at least 8 quadrature amplitude
modulation.

5. A method as recited 1in claim 3, wherein the at least
8-signal-point modulation 1s at least 8 quadrature amplitude
modulation.

6. A method as recited 1n claim 4, wherein at least 8 quadra-
ture amplitude modulation 1s 16 quadrature amplitude modu-
lation.

7. A method as recited 1n claim 5, wherein the at least 8
quadrature amplitude modulation 1s 16 quadrature amplitude
modulation.

8. A method as recited 1in claim 4, wherein the at least 8
quadrature amplitude modulation provides signal points
which result from rotation of signal points of at least 8-value

normal quadrature amplitude modulation through an angle of

/4 radian about an origin 1n an I-Q plane.
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9. A method as recited 1n claim 5, wherein the at least 8
quadrature amplitude modulation provides signal points
which result from rotation of signal points of at least 8-value
normal quadrature amplitude modulation through an angle of
/4 radian about an origin 1n an I-Q) plane.

10. A method as recited 1n claim 6, wherein the 16 quadra-
ture amplitude modulation provides signal points which
result from rotation of signal points of 16-value normal
quadrature amplitude modulation through an angle of /4
radian about an origin 1n an I-Q plane.

11. A method as recited 1n claim 7, wherein the 16 quadra-
ture amplitude modulation provides signal points which
result from rotation of signal points of 16-value normal
quadrature amplitude modulation through an angle of /4
radian about an origin in an I-Q plane.

12. A method as recited 1n claim 1, wherein a maximum of
amplitudes corresponding to signal points of the at least
8-signal-point modulation 1 an I-Q plane 1s equal to an
amplitude of a signal point of the phase shift keying 1n the I-Q
plane.

13. A transmission apparatus comprising:

first means for periodically and alternately subjecting an

input digital signal to first modulation and second modu-
lation to convert the input digital signal into a pair of a
baseband I signal and a baseband Q signal, the first
modulation and the second modulation being different
from each other, the first modulation being at least 8-s1g-
nal-point modulation, the second modulation being
phase shiit keying;

second means for outputting the pair of the baseband I

signal and the baseband Q) signal;

wherein the phase shift keying provides periodically-

spaced symbols which represent corresponding portions
of the input digital signal in terms of differences between
phases of the periodically-spaced symbols;

wherein the at least 8-signal-point modulation assigns

logic states of the input digital signal to respective signal
points for a first symbol in response to a signal point used
by a second symbol of the shiit keying which precedes
the first symbol; and

wherein said first symbol 1s demodulated by using said

second symbol which 1s not a known prescribed pattern
but a part of information transmitted by said transmis-
s1on apparatus.

14. A transmission apparatus as recited in claim 13,
wherein the symbols provided by the phase shift keying are
used as a pilot symbol for estimating at least one of (1) a
transmission path distortion and (2) a frequency oifset.
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