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Dividing the information bits into the first
part and the second part
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v [

Applying a logic operation on the first part
and the second part of the information bits to
obtain a first encoded signal

303
A 4 /

Combining the first part and the first
encoded signal to obtain one of the
transmitted signals

304
v [

Interleaving the first part and the second part
to obtain a first interleaved sub-signal and a
second interleaved sub-signal

305
A 4 /
Applying the logic operation on the first

interleaved sub-signal and the second
interleaved sub-signal to obtain a second
encoded signal
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Combining the second interleaved sub-signal
and the second encoded signal to obtain
another one of the transmitted signals

FIG. 3
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Generating a second sub-resultant signal
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WIRELESS COMMUNICATION SYSTEMS,
APPARATUS AND METHOD FOR ENCODING
AND DECODING A PLURALITY OF
INFORMATION BITS

[0001] This application claims the benefit of priority based
on Taiwan Patent Application No. 096140572 filed on Oct.
29,2007, the disclosures of which are incorporated herein by
reference in their entirety.

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0002] Not applicable.

BACKGROUND OF THE INVENTION

[0003] 1.Field of the Invention

[0004] The present invention relates to a wireless commu-
nication system for transmission and an apparatus and a
method for encoding a plurality of information bits into a
plurality of transmitted signals thereof, as well as a wireless
communication system for receiving and an apparatus and a
method for decoding a received signal into a plurality of
information bits thereof. More particularly, the present inven-
tion relates to encoding a plurality of information bits into a
plurality of transmitted signals in a wireless communication
system for transmission and decoding a received signal into a
plurality of information bits in a wireless communication
system for receiving by using improved Turbo codes.

[0005] 2. Descriptions of the Related Art

[0006] InaMulti-Input Multi-Output (MIMO) Orthogonal
Frequency Division Multiplexing (OFDM) wireless commu-
nication system, technique of the tone-interleaved coded
modulation (TICM) is used to decrease computational com-
plexity of decoding operations. TICM adopts a symbol block
as a unit of interleaved information bits, wherein the symbol
block contains all symbols transmitted in a single tone. As the
soft-bit demapping has already been considered in a branch
metric calculator, operations of the TICM do not have to
perform the soft-bit demapping and consequently, computa-
tional complexity of decoding operations is decreased.
[0007] Because TICM simply uses a channel encoder for
encoding, a significant improvement in performance can only
be obtained when a channel response is short. When the
channel response becomes longer, the improvement in per-
formance will become unobvious due to the fading in the
channel frequency response and the lack of good tolerance for
bursty bit errors of the block interleaver.

[0008] Accordingly, it is highly desirable in the art to pro-
vide improved TICM in an MIMO OFDM wireless commu-
nication system, so as to reduce occurrence of bursty bit errors
and improve performance of the system.

SUMMARY OF THE INVENTION

[0009] One objective of this invention is to provide a
method for encoding a plurality of information bits into a
plurality of transmitted signals. With this encoding method,
the immunity of Turbo-Interleaved Coded Modulation
(TICM) against bursty bit errors can be improved.

[0010] To this end, this method comprises the steps of: (a)
applying a logic operationto a first part of the information bits
and a second part of the information bits to obtain a first
encoded signal; (b) combining the first part and the first
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encoded signal to obtain one of the transmitted signals; (c)
interleaving the first part and the second part to obtain a first
interleaved sub-signal and a second interleaved sub-signal;
(d) applying the logic operation to the first interleaved sub-
signal and the second interleaved sub-signal to obtain a sec-
ond encoded signal; and (e) combining the second interleaved
sub-signal and the second encoded signal to obtain another of
the transmitted signals.

[0011] Another objective of this invention is to provide a
method for decoding a received signal into a plurality of
information bits. When the decoding method is used in con-
junction with the aforesaid method, occurrence of bursty bit
errors in the resulting information bits may be decreased.
Therefore, the operational performance can be improved.

[0012] To this end, this method comprises the steps of: (a)
dividing the received signal into a first sub-signal and a sec-
ond sub-signal, wherein the first sub-signal has a plurality of
first candidate values, and the second sub-signal has a plural-
ity of second candidate values; (b) generating a first candidate
probability value for each of the first candidate values accord-
ing to the first sub-signal; (c) generating a second candidate
probability value for each of the second candidate values
according to the second sub-signal; (d) calculating a plurality
of first state probability values and a plurality of first state
transition probability values according to the first candidate
probability values; (e) calculating a plurality of second state
probability values and a plurality of second state transition
probability values according to the second candidate prob-
ability values; (f) generating a first sub-resultant signal
according to the first state probability values and the first state
transition probability values; (g) generating a second sub-
resultant signal according to the second state probability val-
ues and the second state transition probability values; and (h)
combining the first sub-resultant signal and the second sub-
resultant signal to generate the information bits.

[0013] Yet another objective of this invention is to provide
an apparatus which, by use of the encoding method, may
alleviate the shortcoming that bursty bit errors tend to occurin
TICM operations, thus improving performance of the system.

[0014] To this end, this apparatus is configured to encode a
plurality of information bits to a plurality of transmitted sig-
nals. The apparatus comprises a first logic operation module,
an interleaving module, a second logic operation module, a
first combination module, and a second combination module.
The first logic operation module is configured for applying a
logic operation to a first part of the information bits and a
second part of the information bits to obtain a first encoded
signal. The interleaving module is configured for interleaving
the first part and the second part to obtain a first interleaved
sub-signal and a second interleaved sub-signal. The second
logic operation module is configured for applying the logic
operation to the first interleaved sub-signal and the second
interleaved sub-signal to obtain a second encoded signal. The
first combination module is configured for combining the first
part and the first encoded signal to obtain one of the transmit-
ted signals. The second combination module is configured for
combining the second interleaved sub-signal and the second
encoded signal to obtain another of the transmitted signals.
[0015] Yet a further objective of this invention is to provide
an apparatus which when used in conjunction with the afore-
said apparatus, may reduce occurrence of bursty bit errors
when decoding a received signal into information bits, thus
obtaining better performance.
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[0016] To this end, this apparatus is configured to decode a
received signal into a plurality of information bits. The appa-
ratus comprises a division module, a first probability genera-
tion module, a second probability generation module, a first
state calculation module, a second state calculation module,
and a signal generation module. The division module is con-
figured for dividing the received signal into a first sub-signal
and a second sub-signal, wherein the first sub-signal has a
plurality of first candidate values, and the second sub-signal
has a plurality of second candidate values. The first probabil-
ity generation module is configured for generating a first
candidate probability value for each of the first candidate
values according to the first sub-signal. The second probabil-
ity generation module is configured for generating a second
candidate probability value for each of the second candidate
values according to the second sub-signal. The first state
calculation module is configured for calculating a plurality of
first state probability values and a plurality of first state tran-
sition probability values according to the first candidate prob-
ability values. The second state calculation module is config-
ured for calculating a plurality of second state probability
values and a plurality of second state transition probability
values according to the second candidate probability values.
The signal generation module is configured for generating a
first sub-resultant signal according to the first state probabil-
ity values and the first state transition probability values,
generating a second sub-resultant signal according to the
second state probability values and the second state transition
probability values, and combining the first sub-resultant sig-
nal and the second sub-resultant signal to generate the infor-
mation bits.

[0017] Still a further objective ofthis invention is to provide
a wireless communication system for transmission. By use of
the encoding method, this wireless communication system
for transmission can alleviate the shortcoming that bursty bit
errors tend to occur in TICM operations, thus improving
performance of the system.

[0018] To this end, this wireless communication system for
transmission comprises a processor, a first Quadrature Ampli-
tude Modulation (QAM) mapper, a second QAM mapper, a
tone-level interleaver, a parser, an inverse fast Fourier trans-
former, and a transmission apparatus. The processor is con-
figured for encoding a plurality of information bits into a
plurality of transmitted signals. More particularly, the proces-
sor is configured for applying a logic operation to a first part
of the information bits and a second part of the information
bits to obtain a first encoded signal, interleaving the first part
and the second part to obtain a first interleaved sub-signal and
a second interleaved sub-signal, applying the logic operation
on the first interleaved sub-signal and the second interleaved
sub-signal to obtain a second encoded signal, combining the
first part and the first encoded signal to obtain a first trans-
mitted signal of a plurality of transmitted signals, and com-
bining the second interleaved sub-signal and the second
encoded signal to obtain a second transmitted signal of the
transmitted signals. The first QAM mapper is configured for
mapping the first transmitted signal by QAM to obtain a first
QAM symbol. The second QAM mapper is configured for
mapping the second transmitted signal by QAM to obtain a
second QAM symbol. The tone-level interleaver is config-
ured for interleaving the first QAM symbol and the second
QAM symbol to obtain an interleaved resultant signal. The
parser is configured for parsing the interleaved resultant sig-
nal to obtain a plurality of sub-parsed resultant signal. The
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inverse fast Fourier transformer is configured for applying
inverse Fourier transform to each of the sub-parsed resultant
signals to obtain a plurality of wireless transmitted signals.
The transmission apparatus is configured for transmitting the
wireless transmitted signals.

[0019] Still another objective of this invention is to provide
a wireless communication system for receiving. When the
wireless communication system for receiving is used in con-
junction with the aforesaid wireless communication system
for transmission, may reduce occurrence of bursty bit errors
when decoding a received signal into information bits, thus
obtaining better performance.

[0020] To this end, this wireless communication system for
receiving comprises a receiving apparatus, a fast Fourier
transformer, a tone-level de-interleaver and a processor. The
receiving apparatus is configured for receiving a wireless
signal. The fast Fourier transformer is configured for apply-
ing fast Fourier transform to the wireless signal to obtain a
transformed signal. The tone-level de-interleaver is config-
ured for de-interleaving the transformed signal to obtain a
received signal. The processor is configured for: dividing the
received signal to a first sub-signal and a second sub-signal,
wherein the first sub-signal has a plurality of first candidate
values, and the second sub-signal has a plurality of second
candidate values; generating a first candidate probability
value for each of the first candidate values according to the
first sub-signal; generating a second candidate probability
value for each of the second candidate values according to the
second sub-signal; calculating a plurality of first state prob-
ability values and a plurality of first state transition probabil-
ity values according to the first candidate probability values;
calculating a plurality of second state probability values and
a plurality of second state transition probability values
according to the second candidate probability values; gener-
ating a first sub-resultant signal according to the first state
probability values and the first state transition probability
values, configured for generating a second sub-resultant sig-
nal according to the second state probability values and the
second state transition probability values; and combining the
first sub-resultant signal and the second sub-resultant signal
to generate the information bits.

[0021] Insummary, this invention provides a wireless com-
munication system for transmission and an apparatus and a
method for encoding a plurality of information bits into a
plurality of transmitted signals thereof, and a wireless com-
munication system for receiving and a method for decoding a
receiving signal into a plurality of information bits thereof.
By use of the wireless communication system for transmis-
sion in combination with the wireless communication system
for receiving, occurrence of bursty bit errors of the TICM can
be reduced even in case of a long channel response, thus
effectively improving performance of the system.

[0022] The detailed technology and preferred embodi-
ments implemented for the subject invention are described in
the following paragraphs accompanying the appended draw-
ings for people skilled in this field to well appreciate the
features of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1A is a schematic view of a first embodiment of
this invention;

[0024] FIG. 1B is a detailed partial view of a processor of
the first embodiment;
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[0025] FIG. 2 is a schematic view of a second embodiment
of this invention;

[0026] FIG. 3 is a flow chart of a third embodiment of this
invention; and

[0027] FIG. 4 is a flow chart of a fourth embodiment of this
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0028] Embodiments will now be described in the follow-
ing to explain this invention, which relates to a wireless com-
munication system for transmission and an apparatus and a
method for encoding a plurality of information bits into a
plurality of transmitted signals thereof, and a wireless com-
munication system for receiving and a method for decoding a
receiving signal into a plurality of information bits thereof.
However, the scope of the present invention is limited to the
specific context, applications, and/or particular methods
described in these embodiments. Therefore, description of
these embodiments is only intended to illustrate rather than to
limit this invention. It should be noted that, in the following
embodiments and attached drawings, elements unrelated to
this invention are omitted from depiction.

[0029] FIG.1Aisaschematic view of a firstembodiment of
this invention. The first embodiment is a wireless communi-
cation system for transmission 10, which adopts Tone-Inter-
leaved Coded Modulation (TICM).

[0030] The wireless communication system for transmis-
sion 10 comprises a processor 11, a first Quadrature Ampli-
tude Modulation (QAM) mapper 124, a second QAM 125, a
tone-level interleaver 13, a parser 14, an Inverse Fast Fourier
Transformer 15 and a transmission apparatus 16. The proces-
sor 11 comprises a division module 111, a first logic operation
module 112, an interleaving module 113, a second logic
operation module 114, a first combination module 115, and a
second combination module 116. The processor 11 is config-
ured to encode a plurality of information bits into a plurality
of transmitted signals, while the first QAM mapper 124, the
second QAM mapper 125, the tone-level interleaver 13, the
parser 14, and the inverse Fast Fourier transformer 15 are
configured to perform subsequent processing on the transmit-
ted signals for transmission from the transmission apparatus
16. Hereinafter, how the system operates will be described in
detail.

[0031] Upon receiving a plurality of information bits 100,
the division module 111 of the processor 11 divides the infor-
mation bits 100 into a first part 101 and a second part 102.
Assuming that there are n information bits in total, the divi-
sion module 111 assigns the first n/2 information bits as the
first part 101 and the second n/2 information bits as the second
part 102. In other implementations, the division module 111
may divide the information bits 100 in other ways. That is, the
way that the division module 111 divides the information bits
100 is not intended to limit the scope of this invention.
[0032] Referring to FIG. 1B together, which illustrates a
detailed partial view of the processor 1. The first logic opera-
tion module 112 comprises two delay units 1125, 1124 and
three exclusive OR (XOR) gates 1124, 1125, 112¢, and the
connections among which are as shown in FIG. 1B. The
second logic operation module 114 comprises two delay units
1145, 1144 and three XOR gates 114q, 1145, 114¢, and the
connections among which are as also shown in FIG. 1B. The
interleaving module 113 comprises a first interleaving ele-
ment 13¢ and a second interleaving element 11354. In other
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implementations, the first logic operation module 112 and the
second logic operation module 114 may comprise more delay
units and XOR gates in order to achieve the same objectives.

[0033] After the information bits 100 have been divided
into the first part 101 and the second part 102, the first logic
operation module 112 applies alogic operation to the first part
101 and the second part 102 of the information bits. That is,
the first logic operation module 112 routes the first part 101
and the second part 102 of the information bits through the
delay units 1125, 1124 and the XOR gates 1124, 1125, 112¢
to obtain a first encoded signal 103. Then, the first combina-
tion module 115 combines the first part 101 and the first
encoded signal 103 to obtain one 104 of the transmitted
signals (referred to as the first transmitted signal 104 herein-
after). In particular, the first combination module 115 com-
bines the first part 101 and the first encoded signal 103 by
alternately outputting one bit, and the first transmitted signal
104 is obtained accordingly.

[0034] On the other hand, the interleaving module 113 uti-
lizes the first interleaving element 113a to interleave the first
part 101 of the information bits to obtain a first interleaved
sub-signal 105, and utilizes the second interleaving element
1135 to interleave the second part 102 of the information bits
to obtain a second interleaved sub-signal 106. In other imple-
mentations, the interleaving module 113 may be provided
with only a single interleaving element, which is configured
to interleave the first part 101 and the second part 102 of the
information bits respectively.

[0035] Subsequently, the second logic operation module
114 applies a logic operation to the first interleaved sub-signal
105 and the second interleaved signal 106. That is, the second
logic operation module 114 routes the first interleaved sub-
signal 105 and the second interleaved signal 106 through the
delay units 1145, 1144 and the XOR gates 114a, 1145, 114¢
to obtain a second encoded signal 107. Then, the second
combination module 116 combines the second interleaved
sub-signal 106 and the second encoded signal 107 to obtain
another one 108 of the transmitted signals (referred to as the
second transmitted signal 108 hereinafter). In particular, the
second combination module 116 combines the second inter-
leaved sub-signal 106 and the second encoded signal 107 by
alternately outputting one bit, and the second transmitted
signal 108 is obtained accordingly.

[0036] Upon the generation of the first transmitted signal
104 and the second transmitted signal 108, the first QAM
mapper 12¢ and the second QAM mapper 125 map the first
transmitted signals 104 and the second transmitted signal 108
by QAM to obtain a first QAM symbol and a second QAM
symbol respectively. Then, the tone-level interleaver 13 inter-
leaves the first QAM symbol and the second QAM symbol to
obtain an interleaved resultant signal. Subsequently, the
parser 14 parses the interleaved resultant signal according to
the number of transmission interfaces included in the trans-
mission apparatus 16. For example, if the transmission appa-
ratus 16 includes two transmission interfaces, the parser 14
parses the interleaved resultant signal into a first parsed signal
and a second parsed signal. Thereafter, the inverse fast Fou-
rier transformer 15 applies Inverse Fast Fourier Transform
(IFFT) to the first parsed signal and the second parsed signal
respectively, which are then transmitted from the transmis-
sion apparatus 16. The above first QAM mapper 12a, the
second QAM mapper 125, the tone-level interleaver 13, the
parser 14, the inverse fast Fourier transformer 15 and the
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transmission apparatus are well known in the art and thus will
not be described in detail herein.

[0037] Inthe wireless communication system for transmis-
sion 10 of this embodiment, the processor 11 encodes the
information bits 100 into two transmitted signals 104, 108 in
the particular way described above, and then the first QAM
mapper 12a, the second QAM mapper 125, the tone-level
interleaver 13, the parser 14, the inverse fast Fourier trans-
former 15, and the transmission apparatus 16 perform subse-
quent processes. In contrast with the prior arts that directly
process information bits in a single path, the processor 11 of
this embodiment firstly divides the information bits into the
first part 101 and the second part 102 and then applies the
interleaving and logic operations to the first part 101 and the
second part 102 so as to form the two transmitted signals 104,
108 respectively. Therefore, occurrence of bursty bit errors
will be reduced during decoding operations.

[0038] FIG. 2 is a schematic view of a second embodiment
of this invention. The second embodiment is a wireless com-
munication system for receiving 20 adopting TICM. The
wireless communication system for receiving 20 comprises a
receiving apparatus 21, a fast Fourier transformer 23, a tone-
level de-interleaver 24, and a processor 22.

[0039] The processor 22 comprises a division module 221,
acomparison module 222, a first probability generation mod-
ule 223, a second probability generation module 224, a first
state calculation module 225, a second state calculation mod-
ule 226, a signal generation module 227, and a combination
module 228. How this system operates will be described in
details in the following paragraphs.

[0040]  After the receiving apparatus 21 receives a wireless
signal and before the wireless signal is sent to the processor
22, the fast Fourier transformer 23 applies Fast Fourier Trans-
form (FFT) to the wireless signal to obtain a transformed
signal. Next, the tone-level de-interleaver 24 de-interleaves
the transformed signal to obtain a received signal 200, and the
received signal 200 is then transmitted to the processor 22.
Since this is well known in the art and falls outside of the
scope of this invention, it is not detailed herein.

[0041]  After the processor 22 receives the received signal
200, the division module 221 divides the received signal 200
into a first sub-signal 201 and a second sub-signal 202. In
particular, assuming that the received signal 200 contains n
information bits in total, the division module 221 assigns the
first n/2 information bits as the first sub-signal 201 and the
second 1/2 information bits as the second sub-signal 202,
Here, the division module 221 divides the information bits in
a manner corresponding to that used by the division module
111 of the first embodiment. In other words, in case the
division module 111 of the wireless communication system
for transmission 10 changes the dividing manner, the division
module 221 shall changes the dividing manner accordingly.
The first sub-signal 201 has a plurality of first candidate
values, and the second sub-signal 202 has a plurality of sec-
ond candidate values. Here, the first sub-signal and the second
sub-signal correspond to the two transmitted signals of the
first embodiment.

[0042] Next, the comparison module 222 decides the first
candidate values 203 by comparing the first sub-signal 201
with a reference value, and decides the second candidate
values 204 by comparing the second sub-signal 202 with the
reference value. The reference value is generated from a
previous conmparison result, which will be described in detail
later.

Apr. 30, 2009

[0043] Specifically, since it is impossible for the wireless
communication system for receiving 20 to learn the corre-
sponding transmitted signal when it receives a received signal
(i.e., anumber of candidate values corresponding to the trans-
mitted signal exist for the received signal), the comparison
module 222 may filter to derive the candidate values with
higher probabilities so as to reduce the number of candidate
values as well as decrease computational complexity of the
system. However, in other implementations, the comparison
module 222 may be omitted if the computational complexity
is not the considered issue.

[0044] The first probability generation module 223 gener-
ates a first candidate probability value 205 for each of the first
candidate values 203 according to the first sub-signal 201. On
the other hand, the second probability generation module 224
generates a second candidate probability value 206 for each
of the second candidate values 204 according to the second
sub-signal 202.

[0045] Specifically, after the comparison module 222
decides the first candidate values 203 that correspond to the
first sub-signal 201 and the second candidate values 204 that
correspond the second sub-signal 202, the first probability
generation module 223 calculates the probabilities that the
transmitted signals correspond to each of the first candidate
values 203 (i.e., the first candidate probability values) for the
first sub-signal 201 and the second probability generation
module 224 calculates the probabilities that the transmitted
signals correspond to each of the second candidate values 203
(i.e., the second candidate probability values) for the second
sub-signal 202.

[0046] Subsequently, the first state calculation module 225
calculates a plurality of first state probability values and a
plurality of first state transition probability values 207 accord-
ing to the first candidate probability values 205. Similarly, the
second state calculation module 226 calculates a plurality of
second state probability values and a plurality of second state
transition probability values 208 according to the second
candidate probability values 206.

[0047] Specifically, since the wireless communication sys-
tem for receiving 20 adopts the TICM architecture, a signal is
transmitted in units of symbols rather than in units ofbits, i.e.,
the transmitted symbols are in a form of consecutive bits, and
all the symbols forms a trellis structure. Hence, the first state
calculation module 225 and the second state calculation mod-
ule 226 may calculate the first state probability values accord-
ing to the trellis structure as well as the first candidate prob-
ability values and the second candidate probability values of
the transmitted signals corresponding to the received signal,
and further calculate the first state transition probability val-
ues according to the first state probability values. Similarly,
the second state calculation module 226 calculates the second
state probability values according to the trellis structure.
[0048] Afterwards, the signal generation module 227 gen-
erates a first sub-resultant signal according to the first state
probability values and the first state transition probability
values 207, and generates a second sub-resultant signal
according to the second state probability values and the sec-
ond state transition probability values 208. Finally, the first
sub-resultant signal and the second sub-resultant signal are
combined to generate the information bits 211.

[0049] Specifically, the signal generation module 227
determines probabilities for each of the bits in the signal to be
0 or 1 according to the first state probability values and the
first state transition probability values 207, and generates the
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first sub-resultant signal by taking the binary value with the
higher probability as the value of the bit. Likewise, the signal
generation module 227 determines probabilities for each of
the bits in the signal to be 0 or 1 according to the second state
probability values and the second state transition probability
values 208, and generates the second sub-resultant signal 210
by taking the binary value with the higher probability as the
value of the bit.

[0050] In the following description, feedback routes of the
second embodiment will be described. There are two feed-
back routes: the first one is from the signal generation module
227 to the comparison module 222, and the second one is
from the first state calculation module 225 to the second
probability generation module 224 and from the second state
calculation module 226 to the first probability generation
module 223 respectively.

[0051] The feedback route from the signal generation mod-
ule 227 to the comparison module 222 is described first. The
signal generation module 227 further generates a first
encoded information 211 according to the first state probabil-
ity values and the first state transition probability values 207,
and generates a second encoded information 212 according to
the second state probability values and the second state tran-
sition probability values 208. The first encoded information
211 and the second encoded information 212 are then fed
back to the comparison module 222. By doing so, the com-
parison module 222 will utilize the first encoded information
211 to decide the first candidate values 203 during a next
comparison of the first sub-signal with the reference value
and utilize the second encoded information 212 to decide the
second candidate values 204 during a next comparison of the
second sub-signal with the reference value. In some imple-
mentations, the first encoded information 211 and the second
encoded information 212 may be set directly as the previously
described reference values used by the comparison module
222 for deciding the first candidate values 203 and the second
candidate values 204.

[0052] Inmore detail, the first encoded information 211 and
the second encoded information 212 correspond to the first
encoded signal 103 and the second encoded signal 107 in the
transmitted signals of the first embodiment respectively.
Therefore, if the previous first encoded information 211 and
the previous second encoded information 212 can be
obtained, then more accurate candidate values will be
resulted when the comparison module 222 decides the first
candidate values 203 and the second candidate values 204.

[0053] Hence, during operations of the wireless communi-
cation system for receiving 20, the signal generation module
227 continuously generates the first encoded information
according to the previous first state probability values and a
plurality of previous first state transition probability values,
and continuously generates the second encoded information
according to the previous second state probability values and
a plurality of previous second state transition probability
values. The first encoded information and the second encoded
information are then fed back to the comparison module 222
to improve accuracy of each operation.

[0054] Next, description is made on the feedback route
from the first state calculation module 225 to the second
probability generation module 224 and from the second state
calculation module 226 to the first probability generation
module 223 respectively. Similarly, the first probability gen-
eration module 223 generates the first candidate probability
values 205 according to the previous second state probability
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values and the previous second state transition probability
values 208, and the second probability generation module
224 generates the second candidate probability values 206
according to the previous first state probability values and the
previous first state transition probability values 207. In this
way, the resulting candidate probability values will be ren-
dered more accurate.

[0055] When the wireless communication system for trans-
mission 10 of the first embodiment is used in combination
with the wireless communication system for receiving 20 of
the second embodiment, the processor 11 of the wireless
communication system for transmission 10 encodes the infor-
mation bits twice to generate two transmitted signals on the
one hand, and the processor 22 of the wireless communica-
tion system for receiving 20 generates information bits cor-
responding to the received signal by deciding candidate val-
ues and calculating candidate probability values, state
probability values, and state transition probability values. As
a result, occurrence of bursty bit errors is reduced, and the
performance of the system is improved.

[0056] A third embodiment of this invention is a method for
encoding a plurality of information bits into a plurality of
transmitted signals, and a flow chart of which is depicted in
FIG. 3. This method is adapted for the aforesaid wireless
communication system for transmission 10. Initially in step
301 is executed to divide the information bits into the first part
101 and the second part 102. Then, in step 302, the first logic
operationmodule 112 applies alogic operation to the first part
101 and the second part 112 of the information bits to obtain
a first encoded signal 103, wherein the logic operation com-
prises at least two delay operations. Next in step 303 is
executed to combine the first part 101 and the first encoded
signal 103 to obtain one of the transmitted signals 104.
[0057] Subsequently, step 304 is executed to interleave the
first part 101 and the second part 102 to obtain a first inter-
leaved sub-signal 105 and a second interleaved sub-signal
106. Then in step 305, the second logic operation module 114
applies the logic operation to the first interleaved sub-signal
105 and the second interleaved sub-signal 106 to obtain a
second encoded signal 107. Similarly, the logic operation
comprises at least two delay operations. Finally, in step 306,
the combination module 115 combines the second inter-
leaved sub-signal 106 and the second encoded signal 107 to
obtain another one of the transmitted signals 108.

[0058] It should be emphasized that, this method is not
merely limited to the execution sequence described above,
and other sequences may also be possible as long as step 304
comes after step 301, step 302 comes after step 301, step 303
comes after step 302, step 305 comes after step 304, and step
306 comes after step 305. In other words, execution times of
steps 304, 305 306 and execution times of steps 302, 303 may
overlap.

[0059] In addition to the aforementioned steps, the third
embodiment 1s also capable of executing all the operations
and functionalities described in the first embodiment. Those
of ordinary skill in the art may readily appreciate how the
third embodiment executes these operations and functional-
ities based on description of the first embodiment, and thus
this will not be further described in detail.

[0060] According to the method for encoding a plurality of
information bits into a plurality of transmitted signals of this
embodiment, encoded signals are generated by logic opera-
tions, and then used to encode the information bits into two
transmitted signals. As the two transmitted signals both have
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encoded signals, occurrence of bursty bit errors will be
reduced during the decoding operation.

[0061] A fourth embodiment of this invention is a method
for decoding a received signal into a plurality of information
bits, and a flow chart of which is depicted in FIG. 4. This
method is adapted for the aforesaid wireless communication
system for receiving 20. Initially in step 401, the received
signal is divided into a first sub-signal 201 having a plurality
of first candidate values and a second sub-signal 202 having a
plurality of second candidate values. Then in step 402, the
first candidate values 203 are decided by comparing the first
sub-signal 201 with a reference value, and the second candi-
date values 204 are decided by comparing the second sub-
signal 202 with the reference value. Details thereof are just
the same as described in the second embodiment and thus will
not be described again herein.

[0062] Next in step 403, a first candidate probability value
205 is generated for each of the first candidate values 203
according to the first sub-signal 201; similarly in step 404, a
second candidate probability value 206 is generated for each
of the second candidate values 204 according to the second
sub-signal 202. Details thereof are just the same as described
in the second embodiment and thus will not be described
again herein. However, it should be emphasized that, in other
implementations, step 404 may be executed before or simul-
taneously with step 403.

[0063] Subsequently in step 405, a plurality of first state
probability values and a plurality of first state transition prob-
ability values 207 are calculated according to the first candi-
date probability values 205; similarly in step 406, a plurality
of second state probability values and a plurality of second
state transition probability values 208 are calculated accord-
ing to the second candidate probability values 206. Details
thereof are just the same as described in the second embodi-
ment and thus will not be described again herein. However, it
should be emphasized that, in other implementations, step
406 may be executed before or simultaneously with step 405.
[0064] Next, a first sub-resultant signal 209 is generated
according to the first state probability values and the first state
transition probability values 207 in step 407, and a second
sub-resultant signal 210 is generated according to the second
state probability values and the second state transition prob-
ability values 208 in step 408. In other implementations, step
408 may be executed before or simultaneously with step 407.
[0065] Finally in step 409, the first sub-resultant signal 209
and the second sub-resultant signal 210 are combined to
generate the information bits 211. Details thereof are just the
same as described in the second embodiment and thus will not
be described again herein.

[0066] In addition to the aforementioned steps, the fourth
embodiment is also capable of executing all the operations
and functionalities described in the second embodiment.
Those of ordinary skill in the art may readily appreciate how
the fourth embodiment executes these operations and func-
tionalities based on description of the second embodiment,
and thus this will not be further described in detail.

[0067] By using the method of encoding information bits
into transmitted signals of the third embodiment in combina-
tion with the method of decoding a received signal into infor-
mation bits ofthe fourth embodiment, the information bits are
encoded into two transmitted signals during the encoding
operation on one hand, and the information bits are generated
by deciding candidate values and calculating candidate prob-
ability values, state probability values and state transition
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probability values when decoding a received signal on the
other hand. As a result, information bits generated by this
method are less susceptible to bursty bit errors.

[0068] Insummary, this invention provides a wireless com-
munication system for transmission and an apparatus and a
method of encoding a plurality of information bits into a
plurality of transmitted signals thereof, and a wireless com-
munication system for receiving and a method of decoding a
receiving signal into a plurality of information bits thereof.
By replacing the conventional TICM encoding and decoding
processors with the encoding and decoding processors of this
invention, susceptibility to bursty bit errors in case of a long
channel response can be obviated, thus effectively overcom-
ing the shortcoming of TICM wireless communication sys-
tems.

[0069] The above disclosure is related to the detailed tech-
nical contents and inventive features thereof. People skilledin
this field may proceed with a variety of modifications and
replacements based on the disclosures and suggestions of the
invention as described without departing from the character-
istics thereof. Nevertheless, although such modifications and
replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered in the following
claims as appended.

What is claimed is:
1. A method for encoding a plurality of information bits to
a plurality of transmitted signals, comprising the steps of:
applying a logic operation to a first part of the information
bits and a second part of the information bits to obtain a
first encoded signal;

combining the first part and the first encoded signal to
obtain one of the transmitted signals;

interleaving the first part and the second part to obtain a
first interleaved sub-signal and a second interleaved sub-
signal;

applying the logic operation to the first interleaved sub-
signal and the second interleaved sub-signal to obtain a
second encoded signal; and

combining the second interleaved sub-signal and the sec-
ond encoded signal to obtain another of the transmitted
signals.

2. The method of claim 1, further comprising the step of:

dividing the information bits into the first part and the
second part.

3. The method of claim 1, wherein the logic operation

comprises at least two delay operations.

4. A method for decoding a received signal into a plurality

of information bits, comprising the steps of:

(a) dividing the received signal into a first sub-signal and a
second sub-signal, the first sub-signal having a plurality
of first candidate values, and the second sub-signal hav-
ing a plurality of second candidate values;

(b) generating a first candidate probability value for each of
the first candidate values according to the first sub-sig-
nal;

(c) generating a second candidate probability value for
each of the second candidate values according to the
second sub-signal;

(d) calculating a plurality of first state probability values
and a plurality of first state transition probability values
according to the first candidate probability values;
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(e) calculating a plurality of second state probability values
and a plurality of second state transition probability
values according to the second candidate probability
values;

(f) generating a first sub-resultant signal according to the
first state probability values and the first state transition
probability values;

(g) generating a second sub-resultant signal according to
the second state probability values and the second state
transition probability values;

(h) combining the first sub-resultant signal and the second
sub-resultant signal to generate the information bits.

5. The method of claim 4, wherein the step (b) further
utilizes a plurality of previous second state probahility values
and a plurality of previous second state transition probability
values to generate the first candidate probability value.

6. The method of claim 4, wherein the step (c) further
utilizes a plurality of previous first state probability values
and a plurality of previous first state transition probability
values to generate the second candidate probability value.

7. The method of claim 4, further comprising the steps of:

(1) deciding the first candidate values by comparing the first
sub-signal with a reference value; and

(j) deciding the second candidate values by comparing the
second sub-signal with the reference value.

8. The method of claim 7, further comprising the steps of:

generating a first encoded information according to a plu-
rality of previous first state probability values and a
plurality of previous first state transition probability val-
ues; and

generating a second encoded information according to a
plurality of previous second state probability values and
a plurality of previous second state transition probability
values;

wherein the step (i) further utilizes the first encoded infor-
mation to decide the first candidate values and the step
(§) further utilizes the second encoded information to
decide the second candidate values.

9. An apparatus for encoding a plurality of information bits

to a plurality of transmitted signals, comprising:

a first logic operation module, configured for applying a
logic operation to a first part of the information bits and
a second part of the information bits to obtain a first
encoded signal;

an interleaving module, configured for interleaving the first
part and the second part to obtain a first interleaved
sub-signal and a second interleaved sub-signal;

a second logic operation module, configured for applying
the logic operation to the first interleaved sub-signal and
the second interleaved sub-signal to obtain a second
encoded signal;

a first combination module, configured for combining the
first part and the first encoded signal to obtain one of the
transmitted signals; and

a second combination module, configured for combining
the second interleaved sub-signal and the second
encoded signal to obtain another of the transmitted sig-
nals.

10. The apparatus of claim 9, further comprising:

a division module, configured for dividing the information
bits into the first part and the second part.

11. The apparatus of claim 9, wherein the logic operation

comprises at least two delay operations.
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12. An apparatus for decoding a received signal into a
plurality of information bits, comprising:

a division module, configured for dividing the received
signal into a first sub-signal and a second sub-signal, the
first sub-signal having a plurality of first candidate val-
ues, and the second sub-signal having a plurality of
second candidate values;

a first probability generation module, configured for gen-
erating a first candidate probability value for each of the
first candidate values according to the first sub-signal;

a second probability generation module, configured for
generating a second candidate probability value for each
of the second candidate values according to the second
sub-signal;

a first state calculation module, configured for calculating
a plurality of first state probability values and a plurality
of first state transition probability values according to
the first candidate probability values;

a second state calculation module, configured for calculat-
ing a plurality of second state probability values and a
plurality of second state transition probability values
according to the second candidate probability values;
and

a signal generation module, configured for generating a
first sub-resultant signal according to the first state prob-
ability values and the first state transition probability
values, gererating a second sub-resultant signal accord-
ing to the second state probability values and the second
state transition probability values, and combining the
first sub-resultant signal and the second sub-resultant
signal to generate the information bits.

13. The apparatus of claim 12, wherein the first probability
generation module further utilizes a plurality of previous
second state probability values and a plurality of previous
second state transition probability values to generate the first
candidate probability value, and the second probability gen-
eration module further utilizes a plurality of previous first
state probability values and a plurality of previous first state
transition probability values to generate the second candidate
probability value.

14. The apparatus of claim 12, further comprising:

a comparison module, configured for deciding the first

candidate values by comparing the first sub-signal with
a reference value, and deciding the second candidate
values by comparing the second sub-signal with the
reference value.

15. The apparatus of claim 12, wherein the signal genera-
tion module is further configured for generating a first
encoded information according to a plurality of previous first
state probability values and a plurality of previous first state
transition probability values and generating a second encoded
information according to a plurality of previous second state
probability values and a plurality of previous second state
transition probability values, and the comparison module is
further configured for utilizing the first encoded information
to decide the first candidate values and utilizing the second
encoded information to decide the second candidate values.

16. A wireless communication system for transmission,
comprising;

a processor, configured for applying a logic operation to a
first part of information bits and a second part of the
information bits to obtain a first encoded signal, for
interleaving the first part and the second part to obtain a
firstinterleaved sub-signal and a second interleaved sub-
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signal, for applying the logic operation on the first inter-
leaved sub-signal and the second interleaved sub-signal
to obtain a second encoded signal, for combining the
first part and the first encoded signal to obtain a first
transmitted signal of a plurality of transmitted signals,
and for combining the second interleaved sub-signal and
the second encoded signal to obtain a second transmitted
signal of the transmitted signals;

a first Quadrature Amplitude Modulation (QAM) mapper,
configured for mapping the first transmitted signal by
QAM to obtain a first QAM symbol,

asecond QAM mapper, configured for mapping the second
transmitted signal by QAM to obtain a second QAM
symbol;

atone-level interleaver, configured for interleaving the first
QAM svmbol and the second QAM symbol to obtain a
interleaved resultant signal,

a parser, configured for parsing the interleaved resultant
signal to obtain a plurality of sub-parsed resultant signal,

an inverse fast Fourier transformer, configured for apply-
ing inverse Fourier transform to each of the sub-parsed
resultant signals to obtain a plurality of wireless trans-
mitted signals; and

a transmission apparatus, configured for transmitting the
wireless transmitted signals.

17. The wireless communication system of claim 16,
wherein the processor is further configured for dividing the
information bits into the first part and the second part.

18. The wireless communication system of claim 16,
wherein the logical operation comprises at least two delay
operations.

19. A wireless communication system for receiving, com-
prising:

a receiving apparatus, configured for receiving a wireless

signal,

a fast Fourier transformer, configured for applying fast
Fourier transform to the wireless signal to obtain a trans-
formed signal;

a tone-level de-interleaver, configured for de-interleaving
the transformed signal to obtain a received signal; and

a processor, configured for dividing the received signal to a
first sub-signal and a second sub-signal, the first sub-
signal having a plurality of first candidate values, the
second sub-signal having a plurality of second candidate
values, configured for generating a first candidate prob-
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ability value for each of the first candidate values
according to the first sub-signal, configured for generat-
ing a second candidate probability value for each of the
second candidate values according to the second sub-
signal, configured for calculating a plurality of first state
probability values and a plurality of first state transition
probability values according to the first candidate prob-
ability values, configured for calculating a plurality of
second state probability values and a plurality of second
state transition probability values according to the sec-
ond candidate probability values, configured for gener-
ating a first sub-resultant signal according to the first
state probability values and the first state transition prob-
ability values, configured for generating a second sub-
resultant signal according to the second state probability
values and the second state transition probability values,
and configured for combining the first sub-resultant sig-
nal and the second sub-resultant signal to generate the
information bits.

20. The wireless communication system of claim 19,
wherein the processor further utilizes a plurality of previous
second state probability values and a plurality of previous
second state transition probability values to generate the first
candidate probability value, and the processor further utilizes
a plurality of previous first state probability values and a
plurality of previous first state transition probability values to
generate the second candidate probability value.

21. The wireless communication system of claim 19,
wherein the processor is further configured for deciding the
first candidate values by comparing the first sub-signal with a
reference value, and deciding the second candidate values by
comparing the second sub-signal with the reference value.

22. The wireless communication system of claim 19,
wherein the processor is further configured for generating a
first encoded information according to a plurality of previous
first state probability values and a plurality of previous first
state transition probability values, generating a second
encoded information according to a plurality of previous
second state probability values and a plurality of previous
second state transition probability values, deciding the first
candidate values according to the first encoded information,
and deciding the second candidate values according to the
second encoded information.
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