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Title of Invention: TRANSMITTER, RELAY, RECEIVER, AND
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COOPERATIVE COMMUNICATION SYSTEM USING

NETWORK COMPRESS-AND-FORWARD SCHEME
Technical Field

Methods and apparatuses consistent with exemplary embodiments relate to a
transmitter, a relay, a receiver, and a cooperative communication system using a
network compress-and-forward scheme.

Background Art

An operating method of a relay may be distinguished by three schemes. In an
amplify-and-forward scheme, the relay may transmit an amplified version of a received
signal in a previous time slot. In a decode-and-forward scheme, the relay may decode a
source message included in a predetermined time slot, re-encode the decoded message
in a subsequent time slot, and transmit the re-encoded message. In a compress-
and-forward scheme, the relay may quantize a received signal in a predetermined time
slot, encode the quantized signal in a subsequent time slot, and transmit the encoded

signal.
Disclosure of Invention

Solution to Problem

According to an aspect of an exemplary embodiment, there is provided a transmitter
including an encoder that receives an input of multiple data blocks, and encodes the
multiple data blocks to generate multiple codewords, and a modulator that modulates
the multiple codewords, respectively, to generate multiple modulated signals. The
encoder may encode the multiple data blocks, in an independent manner, to generate
the multiple codewords.

The multiple codewords may include a first codeword and a second codeword, and
the encoder may encode the multiple data blocks using a first code to generate the first
codeword, and encode the multiple data blocks using a second code to generate the
second codeword.

The modulator may employ a modulation scheme determined based on a length of a
codeword generated by the encoder and a number of symbols included in a modulated
signal generated by the modulator. The number of the symbols may be predetermined.

The encoder may include a receiving unit that receives a transmitted message
including the multiple data blocks, and a partitioner to partition the transmitted

message into the multiple data blocks.
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The transmitter may further include a transmitter that multicasts a modulated signal
generated by the modulator to multiple relays. The multiple relays may respectively
relay signals multicasted by the transmitter, based on a network compress-and-forward
scheme.

The transmitter may further include a network type determiner that determines a type
of a network associated with a length of a path between the transmitter and a receiver,
and a second encoder that receives an input of a single data block based on the type of
the network determined by the network type determiner, and encode the single data
block to generate a codeword corresponding to the single data block. The modulator
may modulate the codeword generated by the second encoder.

According to another aspect of an exemplary embodiment, there is provided a relay
that relays a data block transmitted from at least one transmitter to at least one receiver
in a network including at least one transmitter, multiple relays, and at least one
receiver, the relay and each of the multiple relays including a receiving unit that
receives a radio signal including the data block, a demodulator that demodulates the
received signal, a quantizer that quantizes the demodulated signal based on a prede-
termined compression level, an encoder that encodes the quantized signal, a modulator
that modulates the encoded signal, and a transmitter that transmits the modulated
signal. Respective encoders included in the multiple relays may perform encoding in-
dependently.

The respective encoders included in the multiple relays may perform encoding inde-
pendently for the data block to be mapped randomly.

The quantizer may include at least one of a compression level adjuster that adjusts
the predetermined compression level based on a desired rate of the network, a scalar
quantizer that quantizes multiple symbols included in the demodulated signal, re-
spectively, and a vector quantizer that quantizes a sequence of the multiple symbols
included in the demodulated signal.

The relay may further include an entropy encoder that performs entropy encoding
with respect to the quantized signal. The encoder may encode the signal by the entropy
encoder.

The relay may further include an interleaver that interleaves the encoded signal. The
modulator may modulate the interleaved signal.

According to another aspect of an exemplary embodiment, there is provided a
receiver including a receiving unit that receives a signal in which multiple radio signals
relayed by multiple relays are superposed, a demodulator that demodulates the
received signal to generate a codeword, a codeword accumulator that accumulates a
predetermined number of codewords, and a decoder that performs joint decoding with

respect to the predetermined number of codewords to generate multiple data blocks.
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The multiple radio signals may include signals transmitted from different
transmitters, and the decoder may generate data blocks corresponding to the

transmitted signals, respectively.
The receiver may further include a network type determiner that determines a type of

a network associated with a length of a path between a transmitter and the receiver, and
a second decoder that decodes the generated codeword, based on the type of the
network determined by the network type determiner.

According to another aspect of an exemplary embodiment, there may also be
provided a cooperative communication system using a network compress-and-forward
scheme, the cooperative communication system including a transmitter that encodes
multiple data blocks based on long message encoding, and multicasts a signal
containing a result of the encoding, a plurality of relays that relay the multicast signal,
based on the network compress-and-forward, and a receiver that accumulates a signal
corresponding to a predetermined length, the signal being a signal in which a plurality
of signals relayed by the plurality of relays are superposed, and restore the plurality of
data blocks by performing joint decoding with respect to the accumulated signal.
Brief Description of Drawings

The foregoing and other aspects will become apparent and more readily appreciated
from the following detailed description of certain exemplary embodiments, taken in
conjunction with the accompanying drawings of which:

FIG. 1 is a diagram illustrating a cooperative communication system using a network
compress-and-forward scheme according to an exemplary embodiment;

FIGS. 2a through 2e are diagrams illustrating examples of transmitters according to
exemplary embodiments;

FIGS. 3a through 3d are block diagrams illustrating examples of relays according to
exemplary embodiments; and

FIG. 4 is a block diagram illustrating examples of receivers according to exemplary
embodiments.

Mode for the Invention

Reference will now be made in detail to exemplary embodiments, examples of which
are illustrated in the accompanying drawings, wherein like reference numerals refer to
the like elements throughout. Exemplary embodiments are described below in order to
explain the present disclosure by referring to the figures.

Exemplary embodiments are directed to a practical framework for implementing
noisy network coding. By way of an example, in a noiseless network, a receiver has
separate inputs for the respective input links, and thus, the receiver may receive relay

signals relayed by the respective relays through separation in channels. That is, the
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receiver may receive a data packet through channel 1, and the receiver may receive
another data packet through channel 2, either at separate times or the same time. By
contrast, in a noisy network, a receiver receives the relay signals relayed by multiple
relays absent a separation in channels. In such a case, the receiver receives a signal in
which multiple relay signals relayed by multiple relays are superimposed.

FIG. 1 is a diagram illustrating a cooperative communication system using a network
compress-and-forward scheme according to an exemplary embodiment.

Referring to FIG. 1, a cooperative communication system 100 may include at least
one transmitter 110, multiple relays 120, and at least one receiver 130.

Here, at least one transmitter 110 may transmit a data packet to be transmitted to at
least one receiver 130. In this instance, at least one transmitter 110 may transmit the
data packet to at least a portion of the multiple relays 120 using multicasting. The
multiple relays 120 may relay the data packet transmitted by at least one transmitter
110 to at least one receiver 130. Here, a data packet refers to information to be
transmitted by a certain transmitter. For example, a first transmitter may multicast a
first data packet, and a second transmitter may multicast a second data packet. The
receiver in a noisy network may receive a signal in which the first data packet is
included, and a signal in which the second data packet is included absent separation in
channels. In particular, the receiver receives the signal in which multiple relay signals
are superimposed, and may extract a certain data packet (the first data packet and/or
the second data packet) from the received signal. Thus, in FIG. 1, multiple arrows
pointing in a direction of the receivers 130 denote multiple relay signals transmitted by
the relays 120, and each of the receivers 130 may receive a signal in which such
multiple relay signals are "superposed.”

In this instance, at least one transmitter 110 may employ long message encoding. In
particular, at least one transmitter 110 may generate a b number of codewords using a
b number of data blocks. Here, b may be an integer greater than "1". At least one
transmitter 110 may generate the b number of codewords, in an independent manner.
For example, at least one transmitter 110 may employ different encoding schemes to
generate the b number of codewords, respectively. A detailed description on the long
message encoding will be provided with reference to FIGS. 2a through 2c.

The multiple relays 120 may relay the data packet, based on a network compress-
and-forward scheme. In this instance, the multiple relays 120 may relay the data packet
using independent channel encoders. Accordingly, the multiple relays 120 may enable
substantially random mapping of relayed data packets. A detailed description of
relaying methods of the multiple relays 120 will be provided with reference to FIGS.
3a through 3d.

At least one receiver 130 may receive a signal in which multiple signals relayed by
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the multiple relays 120 are superposed. In this instance, at least one receiver 130 may
accumulate the received signal corresponding to a predetermined length, and perform
joint decoding with respect to the accumulated signal, thereby restoring the data packet
transmitted by at least one transmitter 110.

For example, a transmitter T1 may transmit a data packet to be transmitted to a
receiver R1. In this instance, the data packet transmitted by the transmitter T1 may be
relayed by multiple relays. The receiver R1 may receive a signal in which the multiple
relay signals relayed by multiple relays are superposed. The receiver R1 may ac-
cumulate the received signal corresponding to a predetermined length, and restore the
data packet transmitted by the transmitter T1, based on the accumulated signal. That is,
for example, a superposed signal received at a certain point may include information
on a first data packet and a second data packet. However, the first superposed signal
received at the first point differs from the second superposed signal received at a
second point. The receiver extracts the corresponding data packet based on the ac-
cumulated results, after accumulating a number of superposed signals corresponding to
the extracted desired data packet.

According to another exemplary embodiment, a transmitter A and a transmitter B
may transmit data packets to be transmitted to a receiver C, respectively. In this
instance, the receiver C may receive a signal in which the data packet transmitted by
the transmitter A and the data packet transmitted by the transmitter B are superposed.
The receiver C may accumulate the received signal corresponding to a predetermined
length. The receiver C may apply joint decoding to the accumulated signal, thereby
decoding the data packet transmitted by the transmitter A and the data packet
transmitted by the transmitter B, simultaneously. A detailed description on the joint
decoding will be provided with reference to FIG. 4.

In practice, the cooperative communication system may provide a network
framework using theoretical coding for the network compress-and-forward scheme.

In addition, the cooperative communication system may be used as a physical layer
technology of a next generation network using a centralized network along with a dis-
tributed network.

FIGS. 2a through 2e are diagrams illustrating a transmitter according to an exemplary
embodiment.

Referring to FIG. 2a, a transmitter 200 may include an encoder 210, and a modulator
220.

The encoder 210 may receive an input of multiple data blocks, and encode the
multiple data blocks to generate multiple codewords. Here, the encoder 210 may
receive the input of the multiple data blocks using various schemes. For example, as

shown in FIG. 2b, the encoder 210 may include a receiver 212 that receives a
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transmitted message including multiple data blocks, and a partitioner 214 that
partitions the received message into the multiple data blocks. As another example, the
encoder 210 may receive the multiple data blocks, sequentially.

In this instance, the encoder 210 may encode the multiple data blocks independently
to generate multiple codewords. Here, the encoder 210 may include a channel encoder,
and may use a block coding technique.

Referring to FIG. 2c, the encoder 210 may perform long message encoding basically
based on data blocks 230. Here, the data blocks 230 may include a b number of data
blocks. In this instance, b denotes a predetermined positive integer, and may be de-
termined based on a number of hops between a transmitter and a receiver in a network.

In particular, the encoder 210 may encode the data blocks 230 corresponding to a
single identical long message using independent codes to generate multiple codewords
240, 250, and 260.

For example, the encoder 210 may generate multiple codewords including a first
codeword 240 and a second codeword 250. For example, referring to Fig. 2c, the
encoder 210 may generate a first codeword 240 using multiple data blocks 230.
Further, the encoder 210 may generate a second codeword 250 using multiple data
blocks 230.

In this instance, the encoder 210 may encode the data blocks 230 using a first code to
generate the first codeword 240, and encode the data blocks 230 using a second code to
generate the second codeword 250. Here, the number of codewords generated by the
encoder 210 corresponds to the number of multiple data blocks 230. This allows the
receiver to be able to restore the information included in the multiple data blocks 230.

Referring to FIG. 2d, the data blocks 230 may include a b number of data blocks, and
each of the data blocks may include data my, where the length of each data block cor-
responds to n. In this instance, the data m, may have a value of one of a 2"°R-x number
of elements. Here, R_k may include a data transmission rate when each data block is
transmitted.

Referring to FIG. 2e, according to another exemplary embodiment, the encoder 210
may employ block Markov encoding or hashing to reduce a size of constellation when
modulation is performed. The block Markov encoding may refer to a scheme of par-
titioning a long message into multiple blocks, and encoding a message corresponding
to each block using an independent code.

In this instance, the data blocks 230 may include a b number of data blocks, and each
of the data blocks may include data my; of which a length corresponds to n. The data m
«; may have a value of one of a 2°** number of elements. Here, R_k,j may include a
data transmission rate when a j* data block is transmitted.

Referring to FIG. 2a again, the modulator 220 may modulate the multiple codewords
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generated by the encoder 210 to generate multiple modulated signals, respectively. In
this instance, the modulator 220 may determine a modulation scheme, based on a
length of a codeword generated by the encoder 210 and a number of symbols included
in a modulated signal generated by the modulator 220. Here, the length of the
codeword may correspond to, for example, N, and the number of the symbols may
correspond to, for example, n.

The number of symbols included in the modulated signal may be determined based
on a state of the network, and the like. In addition, the number of symbols included in
the modulated signal may be determined to be identical to a number of symbols to be
transmitted over the network when short message encoding is employed.

The length of the codeword generated by the encoder 210 may be greater than the
number of the symbols included in the modulated signal, or may be less than the
number of the symbols included in the modulated signal depending on cases. For
example, the length of the codeword may vary depending on a combination of an
encoding scheme employed by the encoder 210 and a modulation scheme employed by
the modulator 220.

For example, the length of the codeword generated by the encoder 210 may
correspond to N, and the number of the symbols included in the modulated signal may
correspond to n. In this instance, the modulator 220 may employ a 2¥"-ary modulation
scheme.

According to another exemplary embodiment, as shown in dashed lines in FIG. 2a,
the transmitter 200 may further include a transmitter 225 to multicast the modulated
signal generated by the modulator 220 to multiple relays. In this instance, the multiple
relays may relay the signal multicasted by the transmitter 225, based on a network
compress-and-forward scheme. A detailed description on the network compress-
and-forward scheme will be provided with reference to FIGS. 3a and 3b.

According to still another exemplary embodiment, again a shown in dashed lines in
FIG. 2a, the transmitter 200 may further include a network type determiner 215, and a
single block encoder 217. Here, the network type determiner 215 may determine a type
of a network associated with a length of a path between the transmitter 200 and a
receiver. The single block encoder217 may receive an input of a single data block
based on the network type determined by the network type determiner 215, and encode
the corresponding data block to generate a codeword corresponding to the data block.
In this instance, the modulator 220 may module the codeword generated by the single
block encoder 217.

For example, when lengths of multiple paths formed by the multiple relays between
the transmitter 200 and the receiver are identical, the network type determiner 215 may

determine that the type of the network corresponds to a layered network. In this
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instance, the transmitter 200 may encode a single data block using the single block
encoder 217, rather than performing the long message encoding. The single block
encoder 217 may encode the single data block using an error control code that is used
in a point-to-point (p2p) communication.

FIGS. 3a to 3d are block diagrams illustrating a relay according to an exemplary em-
bodiment.

Referring to FIG. 3a, a relay 310 may relay a data block transmitted from at least one
transmitter to at least one receiver, in a network including at least one transmitter,
multiple relays, and at least one receiver.

In this instance, the relay 310 may include a quantizer 312, an encoder 313, and a
modulator 314. As shown in FIG. 3a using dashed lines, the relay 310 may further
include a receiver 315, and a transmitter 316.

The receiver 315 may receive a radio signal including a data block transmitted by at
least one transmitter. In this instance, the receiver 315 may receive the radio signal
directly from at least one transmitter, or may receive a radio signal relayed by another
relay depending on a particular case.

The quantizer 312 may demodulate the received signal, and quantize the de-
modulated signal based on a predetermined compression level. Depending on a
particular case, the relay 310 may include a separate demodulator 311 to demodulate
the received signal. In this instance, the demodulator 311 may demodulate the signal
received by the receiver 315.

In addition, the quantizer 312 may quantize the demodulated signal based on the pre-
determined compression level. In this instance, the quantizer 312 may include a com-
pression level adjuster 317 as shown in FIG. 3c that adjusts the predetermined com-
pression level, based on a desired rate of the network. For example, the compression
level adjuster 317 of the quantizer 312 may adjust the predetermined compression level
to maximize an achievable rate of the network.

As shown in FIG. 3c, the quantizer 312 may also include at least one of a scalar
quantizer 318 to quantize multiple symbols included in a demodulated signal, re-
spectively, and a vector quantizer 319 to quantize a sequence of the multiple symbols
included in the demodulated signal.

In addition, the encoder 313 may encode the quantized signal. Here, the encoder 313
may include a channel encoder.

In this instance, respective encoders included in the multiple relays included in the
network may perform encoding independently. For example, FIG. 3b shows another
relay 320. The relay 320 includes a receiver 322, a demodulator 323, a quantizer 324,
an encoder 321, a modulator 325, and a transmitter 326. The operations of the receiver
322, the demodulator 323, the quantizer 324, the encoder 321, the modulator 325, and
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the transmitter 326 are substantially the same as in those shown in FIG. 3a, and thus
repeated description will be omitted. As with the relay 320, the receiver 322 and
transmitter 326 may be omitted.

The respective encoders included in the multiple relays may perform the encoding in-
dependently for the data block included in the received radio signal to be mapped
randomly. For example, the relay 310 and a relay 320 may receive a radio signal
including an identical data block. In this instance, the encoder 313 included in the relay
310 and an encoder 321 included in the relay 320 may perform encoding inde-
pendently for the data block to be mapped randomly.

In addition, the modulator 314 may modulate the encoded signal, and the transmitter
may transmit the modulated signal.

Referring to FIG. 3d, a relay is shown according to another exemplary embodiment.
The relay 330 includes a receiver 333, a demodulator 334, a quantizer 335, an encoder
336, a modulator 337, and a transmitter 338. The operations of the receiver 333, the
demodulator 334, the quantizer 335, the encoder 336, the modulator 337, and the
transmitter 338 are substantially the same as in those shown in FIGS. 3a and 3b, and
thus repeated description will be omitted. As shown in FIG. 3d, the relay 330 may
further include an entropy encoder 331, and an interleaver 332.

The entropy encoder 331 may perform entropy encoding with respect to a signal
quantized by a quantizer, for optimal compression. For example, the entropy encoder
331 may be disposed between the quantizer and an encoder.

In addition, the interleaver 332 may interleave a signal encoded by the encoder. For
example, the interleaver 332 may be connected to the encoder, sequentially, to in-
terleave encoded signals, for example, channel codes, generated independently by
multiple relays.

FIG. 4 is a block diagram illustrating a receiver according to an exemplary em-
bodiment.

Referring to FIG. 4, a receiver 400 may include a demodulator 410, a codeword ac-
cumulator 420, and a decoder 430. As shown in FIG. 4 using dashed lines, the receiver
400 may further include a signal receiver 405.

The signal receiver 405 may receive a signal in which multiple radio signals relayed
by multiple relays are superposed.

For example, a signal multicasted by a transmitter T1 may be received by a relay L1
and a relay L2. The relay L1 may relay the received signal to a relay L3, and the relay
L2 and the relay L3 may transmit the received signals to a receiver R1. In this instance,
the receiver R1 may receive a signal in which the signals transmitted by the relay L2
and the relay L3 are superposed. That is, multiple arrows pointing in a direction of the

receivers 130 illustrated in FIG. 1 denote multiple relay signals transmitted by the
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relays 120, and each of the receivers 130 may receive the signal in which such multiple
relay signals are "superposed.”

As another example, a signal multicast by the transmitter T1 and a signal multicast
by a transmitter T2 may be received by the relay L1 and the relay L2, respectively. In
this instance, the relay L1 and the relay L2 may receive a signal in which the signals
transmitted by the transmitter T1 and the transmitter T2 are superposed. The relay L1
may relay the received signal to the relay L3, and the relay L2 and the relay L3 may
transmit the received signals to the receiver R1 and a receiver R2. The receiver R1 and
the receiver R2 may receive a signal in which the signals transmitted by the relay L2
and the relay L3 are superposed.

The demodulator 410 may demodulate the signal received by the receiving unit to
generate a codeword, and the codeword accumulator 420 may accumulate a prede-
termined number of codewords. For example, a transmitter may perform long message
encoding using a b number of data blocks, and each of the data blocks may include an
n number of symbols. In this instance, the codeword accumulator 420 may accumulate
a total of an n x b number of symbols.

In addition, the decoder 430 may perform joint decoding with respect to the ac-
cumulated plurality of codewords to generate multiple data blocks. When the prede-
termined number of codewords are accumulated, the codeword accumulator 420 may
report to the decoder 430, that the predetermined number of codewords are ac-
cumulated. The decoder 430 may perform the joint decoding, in response to the report
from the codeword accumulator 420.

In this instance, the decoder 430 may employ various schemes related to the joint
decoding. For example, the decoder 430 may perform joint decoding, using a
maximum a posteriori probability (MAP) scheme, a maximum likelihood (ML)
scheme, a message-passing scheme, or the like.

In addition, the decoder 430 may generate data blocks corresponding to respect
signals transmitted by different transmitters, simultaneously, using joint decoding. For
example, a signal received by the receiving unit may include data blocks transmitted
by multiple transmitters. In this instance, the decoder 430 may employ the above-
described joint decoding to generate the data blocks corresponding to the respective
plurality of transmitters, simultaneously.

In addition, according to another exemplary embodiment, the decoder 430 may not
decode a compression index at each of the multiple relays.

As shown in FIG. 4 using dashed lines, according to still another exemplary em-
bodiment, the receiver 400 may further include a network type determiner 435, and a
single block decoder 440. Here, the network type determiner 435 may determine a type

of a network associated with a length of a path between a transmitter and the receiver
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400. The single block decoder 440 may decode a codeword generated by the de-
modulator 410, based on a result determined by the network type determiner 435.

For example, when lengths of multiple paths formed by the multiple relays between
the transmitter and the receiver 400 are identical, the network type determiner 435 may
determine that the type of the network corresponds to a layered network. In this
instance, the receiver 400 may decode a single data block using the single block
decoder 440, rather than performing joint decoding. The single block decoder 440 may
decode the single data block using sequential decoding.

The method according to the above-described exemplary embodiments may be
recorded in computer-readable media including program instructions to implement
various operations embodied by a computer. The media may also include, alone or in
combination with the program instructions, data files, data structures, and the like.
Examples of computer-readable media include magnetic media such as hard disks,
floppy disks, and magnetic tape; optical media such as CD ROM disks and DVDs;
magneto-optical media such as optical disks; and hardware devices that are specially
configured to store and perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory, and the like. Examples of
program instructions include both machine code, such as produced by a compiler, and
files containing higher level code that may be executed by the computer using an in-
terpreter. The described hardware devices may be configured to act as one or more
software modules in order to perform the operations of the above-described exemplary
embodiments, or vice versa. Moreover, the transmitter, receiver, and relay according to
the exemplary embodiments may be implemented using one or more microprocessors
in conjunction with one or more memories.

Although a few exemplary embodiments have been shown and described, the
exemplary embodiments are not limited thereto. Instead, it will be appreciated by those
skilled in the art that changes may be made to these exemplary embodiments without
departing from the principles and spirit of the disclosure, the scope of which is defined

by the claims and their equivalents.
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Claims

A transmitter comprising:

an encoder configured to receive an input of multiple data blocks, and
encodes the multiple data blocks to generate multiple codewords; and
a modulator configured to modulate the multiple codewords, re-
spectively, to generate multiple modulated signals,

wherein the encoder is configured to encode the multiple data blocks,
in an independent manner, to generate the multiple codewords, re-
spectively.

The transmitter of claim 1, wherein

the multiple codewords comprise a first codeword and a second
codeword, and

the encoder is configured to the multiple data blocks using a first code
to generate the first codeword, and encode the multiple data blocks
using a second code to generate the second codeword.

The transmitter of claim 1, wherein the modulator employs a
modulation scheme determined based on a length of a codeword
generated by the encoder and a number of symbols included in a
modulated signal generated by the modulator,

wherein the number of the symbols is predetermined.

The transmitter of claim 1, wherein the encoder comprises:

a receiver configured to receive a transmitted message comprising the
multiple data blocks; and

a partitioner that partitions the transmitted message into the multiple
data blocks.

The transmitter of claim 1, further comprising:

a multicaster configured to multicast a modulated signal generated by
the modulator to multiple relays,

wherein the multiple relays are configured to respectively relay signals
multicasted by the transmitter, based on a network compress-
and-forward scheme.

The transmitter of claim 1, further comprising:

a network type determiner configured to determine a type of a network
associated with a length of a path between the transmitter and a
receiver;

and

a single block encoder configured to receive an input of a single data
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[Claim 12]
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block based on the type of the network determined by the network type
determiner, and to encode the single data block to generate a codeword
corresponding to the single data block,

wherein the modulator is configured to modulate the codeword
generated by the single block encoder.

A relay that relays a data block transmitted from at least one transmitter
to at least one receiver in a network comprising at least one transmitter,
multiple relays, and at least one receiver, the relay and each of the
multiple relays comprising:

a receiver configured to receive a radio signal comprising the data
block;

a demodulator configured to demodulate the received signal;

a quantizer configured to quantize the demodulated signal based on a
predetermined compression level;

an encoder configured to encode the quantized signal;

a modulator configured to modulate the encoded signal; and

a transmitter configured to transmit the modulated signal,

wherein respective encoders included in the multiple relays are
configured to perform encoding independently.

The relay of claim 7, wherein the respective encoders included in the
multiple relays are configured to perform encoding independently for
the data block to be mapped randomly.

The relay of claim 7, wherein the quantizer comprises at least one of:

a compression level adjuster configured to adjust the predetermined
compression level based on a desired rate of the network;

a scalar quantizer configured to quantize multiple symbols included in
the demodulated signal, respectively; and

a vector quantizer configured to quantize a sequence of the multiple
symbols included in the demodulated signal.

The relay of claim 7, further comprising:

an entropy encoder configured to perform entropy encoding with
respect to the quantized signal,

wherein the encoder is configured to encode the signal output by the
entropy encoder.

The relay of claim 7, further comprising:

an interleaver configured to interleave the encoded signal,

wherein the modulator is configured to modulate the interleaved signal.

A receiver comprising:
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a signal receiver configured to receive a signal in which multiple radio
signals relayed by multiple relays are superposed;

a demodulator configured to demodulate the received signal to generate
a codeword;

a codeword accumulator configured to accumulate a predetermined
number of codewords; and

a decoder configured to perform joint decoding with respect to the pre-
determined number of codewords to generate multiple data blocks.

The receiver of claim 12, wherein the multiple radio signals comprise
signals transmitted from different transmitters, and the decoder
generates data blocks corresponding to the transmitted signals, re-
spectively.

The receiver of claim 12, further comprising:

a network type determiner configured to determine a type of a network
associated with a length of a path between a transmitter and the
receiver; and

a single block decoder configured to decode the generated codeword,
based on the type of the network determined by the network type de-
terminer.

A cooperative communication system comprising:

a transmitter configured to generate a codeword from a plurality of data
blocks based on a long message encoding scheme, and multicast a
signal including the codeword;

a plurality of relays, each relay configured to receive the multicasted
signal, encode the multicasted signal using a encoding scheme in-
dependent from encoding schemes of other relays to generate a
random-mapped signal of the plurality of data blocks, and relay the
random-mapped signal of the plurality of data blocks; and

a receiver configured to receive a plurality of signals relayed by a
plurality of relays, and generate the plurality of data blocks from the
plurality of signals based on a joint decoding scheme.

The cooperative communication system of claim 15, wherein the
receiver is configured to receive a signal comprising at least two signals
relayed by the relays that are superimposed.

The cooperative communication system of claim 15, wherein the
transmitter comprises:

an encoder configured to receive an input of the plurality of data

blocks, and encodes the plurality of data blocks to generate a plurality
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of codewords; and

a modulator configured to modulate the plurality of codewords, re-
spectively, to generate a plurality of modulated signals,

wherein the encoder is configured to encode the plurality of data
blocks, in an independent manner, to generate the plurality of
codewords, respectively.

The cooperative communication system of claim 17, wherein each of
the plurality of relays comprises:

a receiver configured to receive a radio signal comprising the data
blocks;

a demodulator configured to demodulate the received signal;

a quantizer configured to quantize the demodulated signal based on a
predetermined compression level;

an encoder configured to encode the quantized signal;

a modulator configured to modulate the encoded signal; and

a transmitter configured to transmit the modulated signal,

wherein respective encoders of the plurality of relays perform encoding
independently.

The cooperative communication system of claim 18, wherein the
receiver comprises:

a receiver configured to receive a signal in which a plurality of radio
signals relayed by plurality of relays are superposed;

a demodulator configured to demodulate the received signal to generate
a codeword;

a codeword accumulator configured to accumulate a predetermined
number of codewords; and

a decoder configured to perform joint decoding with respect to a prede-
termined number of codewords to generate the plurality of data blocks.
The cooperative communication system of claim 15, wherein the
receiver is configured to accumulate a signal corresponding to a prede-
termined length, the signal being a signal in which a plurality of signals
relayed by the plurality of relays are superposed, and restore the
plurality of data blocks by performing joint decoding with respect to

the accumulated signal.
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