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CHANNEL CODING USING CODES WITH LOW
CORRELATION FOR NON-COHERENT RECEIVERS

FIELD OF THE INVENTION

The exemplary embodiments of this invention relate generally to
data transmission and channel coding.

BACKGROUND ART

The following description of background art may include insights,
discoveries, understandings, or disclosures, or associations together with dis-
closures not known to the relevant art prior to the present invention but pro-
vided by the invention. Some such contributions of the invention may be spe-
cifically pointed out below, whereas other such contributions of the invention
will be apparent from their context.

In data links, the transmission path used for transmitting signals is
known to cause interference on telecommunication. This occurs regardless of
the physical form of the transmission path, i.e., whether the path is a radio link,
an optical fibre, or a copper cable. Another main cause for errors in communi-
cation is thermal noise.

In order to diminish the effects of thermal noise and interference
caused by the transmission path, a digital signal is encoded so that the con-
nection could be made more reliable. In such a case, the errors in the signal to
be transmitted caused by the interference and thermal noise can be detected
and also corrected without retransmission, depending on the encoding method
used.

SUMMARY

The following presents a simplified summary of the invention in order to pro-
vide a basic understanding of some aspects of the invention. This summary is
not an extensive overview of the invention. It is not intended to identify
key/critical elements of the invention or to delineate the scope of the invention.
Its sole purpose is to present some concepts of the invention in a simplified
form as a prelude to the more detailed description that is presented later.

An aspect of the invention relates to an apparatus, comprising a
processor configured to generate a k x n generator matrix for a code by mini-
mizing the absolute value of the maximum correlation between the code words
generated by the generator matrix, where n is an integer depicting the length of
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a codeword and k is an integer depicting the number of data bits to be coded
using each code word of the code.

The apparatus may be configured to generate a k x n generator ma-
trix with random entries of 0 and 1; compute and store the maximum absolute
correlation between code words generated by the matrix; perform the following
three steps a), b) and c) for each element of the generator matrix: a) change
the value of an element of the matrix; b) compute the maximum absolute corre-
lation between code words generated by the matrix; ¢) compare the computed
value to the stored value and if the computed value is smaller, store the com-
puted value.

An aspect of the invention relates to an apparatus configured to en-
code a signal comprising data bits with a channel code defined by a k x n gen-
erator matrix whose elements are defined by minimizing the absolute value of
the maximum correlation between the code words generated by the generator
matrix, where n is an integer depicting the length of a codeword and k is an
integer depicting the number of data bits to be coded using each code word of
the code; modulate the encoded signal with a phase- or amplitude-based
modulation; and transmit the encoded signal.

An aspect of the invention relates to an apparatus comprising
means for encoding a signal comprising data bits with a channel code defined
by a k x n generator matrix whose elements are defined by minimizing the ab-
solute value of the maximum correlation between the code words generated by
the generator matrix, where n is an integer depicting the length of a codeword
and k is an integer depicting the number of data bits to be coded using each
code word of the code; means for modulating the encoded signal with a phase-
or amplitude-based modulation; and means for transmitting the encoded sig-
nal.

An aspect of the invention relates to a method comprising perform-
ing the following acts by an electronic data processing system: generating a k
X n generator matrix for a code by minimizing the absolute value of the maxi-
mum correlation between the code words generated by the generator matrix,
where n is an integer depicting the length of a codeword and k is an integer
depicting the number of data bits to be coded using each code word of the
code.

A further aspect of the invention relates to an apparatus comprising
at least one demodulator demodulating a phase- or amplitude-modulated sig-
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nal, at least one decoder calculating correlations between the received code-
word and the known code words, at least one calculator determining the abso-
lute value of the correlation result obtained by a decoder, and a selector for
deciding the received code word.

A further aspect of the invention relates to an apparatus comprising
means for demodulating a phase- or amplitude-modulated signal, means for
calculating correlations between the received codeword and the known code
words, means for determining the absolute value of the correlation result ob-
tained by a decoder, and means for deciding the received code word.

A further aspect of the invention relates to an article of manufacture
comprising a computer readable medium and embodying program instructions
executable by a computer operably coupled to a memory which, when exe-
cuted by the computer, carry out the functions of: generating a k x n generator
matrix for a code by minimizing the absolute value of the maximum correlation
between the code words generated by the generator matrix, where n is an in-
teger depicting the length of a codeword and k is an integer depicting the
number of data bits to be coded using each code word of the code.

A still further aspect of the invention relates to a computer program
comprising program code means adapted to perform any of steps of the
method according to any embodiment of the invention when the program is run
on a computer or a processor.

Although the various aspects, embodiments, and features of the in-
vention are recited independently, it should be appreciated that all combina-
tions of the various aspects, embodiments, and features of the invention are
possible and within the scope of the present invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of exemplary embodiments with reference to the attached drawings, in
which

Figure 1 shows a simplified block diagram illustrating exemplary
system architecture

Figure 2 illustrates an example of an apparatus according to an em-
bodiment of the invention;

Figures 3 and 4 are flowcharts illustrating exemplary embodiments
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of the invention;

Figure 5 illustrates an example of an apparatus according to an em-
bodiment of the invention;

Figures 6A, 6B, and 6C illustrate further examples of an apparatus
according to an embodiment of the invention;

Figure 7 is a flowchart illustrating an exemplary embodiment of the
invention; and

Figure 8 illustrates the bit error rates of different codes.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

Exemplary embodiments of the present invention will now be de-
scribed in greater detail hereinafter with reference to the accompanying draw-
ings in which some but not all embodiments of the invention are shown. In-
deed, the invention may be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein; rather, these em-
bodiments are provided so that this disclosure will satisfy applicable legal re-
quirements. Although the specification may refer to “an”, “one”, or “some” em-
bodiment(s) in several locations, this does not necessarily mean that each
such reference is to the same embodiment(s), or that the feature only applies
to a single embodiment. Single features of different embodiments may also be
combined to provide other embodiments. Like reference numerals refer to like
elements throughout.

Embodiments of present invention are applicable to any user termi-
nal, server, corresponding component, and/or to any communication system or
any combination of different communication systems. The communication sys-
tem may be a wireless communication system or a communication system util-
izing both fixed networks and wireless networks. The protocols used and the
specifications of communication systems, servers and user terminals, espe-
cially in wireless communication, develop rapidly. Such development may re-
quire extra changes to an embodiment. Therefore, all words and expressions
should be interpreted broadly and are intended to illustrate, not to restrict, the
embodiment.

In the following, different embodiments will be described using, as
an example of a system architecture to which the embodiments may be ap-
plied, an architecture based on the third-generation wireless communication
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system UMTS (Universal Mobile Telecommunication System) without restrict-
ing the embodiment to such an architecture, however.

A general architecture of a communication system is illustrated in
Figure 1. Figure 1 is a simplified system architecture only showing some ele-
ments and functional entities, all being logical units whose implementation may
differ from what is shown. The connections shown in Figure 1 are logical con-
nections; the actual physical connections may be different. It is apparent to a
person skilled in the art that the systems also comprise other functions and
structures. It should be appreciated that the functions, structures, elements,
and protocols used in or for group communication are irrelevant to the actual
invention. Therefore, they need not to be discussed in more detail here.

Figure 1 shows two base stations or Node Bs 100 and 102. Base
stations 100 and 102 are connected via an interface lub to a radio network
controller 104. The radio network controller and base stations form a radio ac-
cess network (RAN).

The communication network may further comprise a core network
which may be divided into a circuit-switched part 106 and a packet-switched
part 108. The radio network controller 104 may be connected to the circuit-
switched part 106 of the core network via an interface lu-CS and the packet-
switched part 108 via an interface lu-PS.

Figure 1 shows user equipment 110 communicating 112 with the
base station 100. The user equipment refers to a portable computing device.
Such computing devices include wireless mobile communication devices oper-
ating with or without a subscriber identification module (SIM), including, but not
limited to, the following types of devices: mobile phone, smartphone, personal
digital assistant (PDA), handset, laptop computer.

Figure 1 only illustrates a simplified example. In practice, the net-
work may include more base stations and radio network controllers, and more
cells may be formed by the base stations. The networks of two or more opera-
tors may overlap, the sizes and form of the cells may vary from that depicted in
Figure 1, etc.

It should be appreciated that the base stations or node Bs may also
be connectable to core network elements directly (not shown in the Figure).
Depending on the system, the counterpart on the core network side can be a
mobile services switching centre (MSC), a media gateway (MGW), or a serving
GPRS (general packet radio service) support node (SGSN), home node B
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gateway (HNB-GW), mobility management entity and enhanced packet core
gateway (MME/EPC-GW), etc. A direct communication between different node
Bs over the air interface is also possible by implementing a relay node con-
cept, wherein a relay node may be considered as a special node B having
wireless backhauls or, e.g., X2 and S1 interfaces relayed over the air interface
by another node B. The communication system is also able to communicate
with other networks, such as a public switched telephone network.

The embodiments are not, however, restricted to the network given
above as an example, but a person skilled in the art may apply the solution to
other communication networks provided with the necessary properties.

In this application, embodiments will be described in conjunction
with cellular communications systems. However, it should be understood that
the embodiments may be utilized in several kinds of systems, both wired and
wireless.

The communication between the user equipment 110 and the base
station 100 may be a traffic channel connection or a control channel connec-
tion. In many systems, coherent detection is utilised in receivers. In coherent
detection, the carrier phase of the received signal must be detected at the re-
ceiver. In non-coherent detection, phase information is not required. However,
due to better performance, coherent detection is widely used although the re-
ceiver complexity is greater.

A reference signal or pilot symbols are typically needed to facilitate
coherent reception. When the number of information bits in the information
block to be transmitted is large, the use of the reference signal provides good
performance. However, if the number of information bits is small, the reference
signal may cause large overhead, thus degrading the performance.

Prior to modulation, the signal to be transmitted is coded using a
given channel code. Generally, codes are designed by maximizing the mini-
mum distance between the code words of the code. The distance is called
Hamming distance.

In an embodiment, the channel code is designed by minimizing the
maximum correlation between the code words of the code. When a generator
matrix of a code is designed using the above criteria, the code words of the
matrix have a low absolute correlation. This way the signal may be received
with a non-coherent receiver and a reference signal is not needed.
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Figure 2 is a block diagram of an apparatus according to an em-
bodiment of the invention. Although the apparatus has been depicted as one
entity, different modules and memory may be implemented in one or more
physical or logical entities. The apparatus is configured to generate a channel
code. The apparatus comprises a controller or a processor 200. Generally the
processor is a central processing unit, but the processor may be an additional
operation processor. The processor may comprise a computer processor, ap-
plication-specific integrated circuit (ASIC), field-programmable gate array
(FPGA), and/or other hardware components that have been programmed in
such a way as to carry out one or more functions of an embodiment. The
apparatus further comprises one or more data storages or memories 202
connected to the controller for storing software and data at least temporarily. In
an embodiment, the memory is integrated in the processor. In addition, the
apparatus may comprise an input/output interface or module 204.

The processor 200 may be configured to generate a generator ma-
trix for a channel code. The matrix may be a k x n generator matrix where n is
an integer depicting the length of a codeword and k is an integer depicting the
number of data bits to be coded using each code word of the code. The proc-
essor may be configured to generate the matrix by minimizing the absolute
value of the maximum correlation between the code words of the generator
matrix.

Figure 3 is a flowchart illustrating an embodiment of the invention.

In step 300, the processor 200 generates a k x n generator matrix
with random entries of 0 and 1. Here n is an integer depicting the length of a
codeword and k is an integer depicting the number of data bits to be coded
using each code word of the code.

In step 302, the processor computes the correlations between the
code words of the matrix and determines the maximum absolute correlation
between code words. The processor further stores the maximum absolute
value into the memory 202. The computation of the correlations is performed
as known in the art.

In step 304, the processor selects the first element of the matrix.

In step 306, the processor changes the value of the element. For
example, if the value is 0, it is changed into 1 and vice versa.

In step 308, the processor computes the correlations between the
code words of the matrix and determines the maximum absolute correlation
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between code words.

In step 310, the computed value is compared with the value stored
in the memory 202. If the computed value is smaller, the computed value is
stored in the memory 202 in step 312.

The process continues in step 314, where the processor checks if
all elements have been processed. If this is not the case, the next element is
selected in step 316 and the process continues in step 306.

If all elements have been processed, the process continues in step
318 where it is checked whether the stored value was changed during the
above process. If not, the process continues according to the flowchart of Fig-
ure 4 starting at point A.

If the stored value was changed, the process continues in step 304,
where the first element is reselected. The above process is repeated until the
stored value is no longer improved by changing one element at a time.

Figure 4 is a flowchart illustrating an embodiment of the invention.

In step 400, the processor increases the number of elements to be
changed at a time. For example, if the process started according to the flow-
chart of Figure 3 and entered step 400, the number of elements is increased to
two elements.

In step 402, the processor selects the first elements of the matrix.
For example, if the number of elements to be changed at a time is two, the
processor selects the first two successive elements.

In step 404, the processor changes the values of the elements. For
example, if the value of an element is 0, it is changed into 1 and vice versa.

In step 406, the processor computes the correlations between the
code words of the matrix and determines the maximum absolute correlation
between code words.

In step 408, the computed value is compared with the value stored
in the memory 202. If the computed value is smaller, the computed value is
stored in the memory 202 in step 410.

The process continues in step 412, where the processor checks if
all elements have been processed. If this is not the case, the next elements
are selected in step 414 and the process continues in step 404.

If all elements have been processed, the process continues in step
416 where it is checked whether the stored value was changed during the
above process. If yes, the process continues according to the flowchart of Fig-
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ure 3 starting at point B where the first element is reselected. The process is
repeated until the stored value is no longer improved by changing one element
at a time.

If the stored value was not changed, the process continues in step
400, where the number of elements to be changed at a time is increased.

Figure 5 illustrates an example of an apparatus according to an em-
bodiment of the invention. Although the apparatus has been depicted as one
entity, different modules and memory may be implemented in one or more
physical or logical entities. The apparatus may be a base station or user
equipment or any other device of a communication system capable for re-
quired operations and processes.

The input to the apparatus is a signal 500 to be transmitted. The
signal may comprise data bits or data symbols. The signal 500 is taken to an
encoder 502 configured to encode the signal with a channel code defined by a
k x n generator matrix whose elements are defined by minimizing the absolute
value of the maximum correlation between the code words generated by the
generator matrix, where n is an integer depicting the length of a codeword and
k is an integer depicting the number of data bits to be coded using each code
word of the code.

In an embodiment, the output of the encoder 502 may be defined as

v=G'u(mod 2),

where v is the code word of length n, G is the generator matrix of
the code, and u is the information word to be coded which is of length k.

The encoded signal 504 is taken to a modulator 506 configured to
modulate the encoded signal with a phase- or amplitude-based modulation.
The modulation method used may be BPSK, QPSK, QAM or the like.

The modulated signal 508 is taken to a radio frequency transmitter
510 which is configured to transmit the signal. The transmitter comprises an
interface 512 connected to an antenna (not shown).

Figure 6A illustrates another example of an apparatus according to
an embodiment of the invention. Although the apparatus has been depicted as
one entity, different modules and memory may be implemented in one or more
physical or logical entities. The apparatus may be a base station or user
equipment or any other device of a communication system capable for the re-
quired operations and processes.
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The input to the apparatus is a received phase- or amplitude-
modulated signal 600. The signal may have been received with an antenna.
The signal is taken to a radio frequency unit 602 which converts the signal to
intermediate or base band. The converted signal 604 is taken to a decoder 610
which decodes the signal. In an embodiment, the decoder is a maximum likeli-
hood decoder. The decoder may be configured to calculate a correlation of the
received signal with each of the possible code words used in the system and to
select the maximum correlation value. As the received signal does not com-
prise a pilot signal or reference signal, the phase of the received signal is not
known. The apparatus comprises a calculator 614 for determining the absolute
value of the output signal 612 of the decoder. The apparatus further comprises
a selector 616 which decides the received code word 618.

Figures 6B and 6C illustrate other examples of an apparatus ac-
cording to another embodiment of the invention. The apparatus of Figure 6B
utilizes receiver diversity. In this example, the receiver utilizes four antenna
branches.

In Fig 6B, the input to the apparatus is a received phase- or ampli-
tude-modulated signal 600. In this example, the signal may have been re-
ceived with four antennas. The signal is taken to four branches 620, 622, 624,
626, each comprising a radio frequency unit, a decoder, and a calculator for
determining the absolute value of the output signal of the decoder. Each de-
coder may be configured to calculate a correlation of the received signal with
each of the possible code words used in the system and to select the maxi-
mum correlation value. As the received signal does not comprise a pilot signal
or reference signal, the phase of the received signal is not known. The calcula-
tor of each branch determines the absolute value of the output signal of the
decoder.

The apparatus further comprises a selector 628 which combines the
outputs of the calculators of the branches 620, 622, 624, 266 and decides the
received code word 618 by selecting the code word with the largest amplitude
at the input of the selector 628.

Fig. 6C illustrates an embodiment, where the receiver comprises
two branches 630, 632 utilizing antenna diversity. Each branch comprises a
radio frequency unit, a decoder, and a calculator for determining the absolute
value of the output signal of the decoder. The receiver further comprises two
branches 634, 636 utilizing frequency hopping diversity. The branches com-
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prise a common radio frequency unit 638. Each branch further comprises a
decoder and a calculator for determining the absolute value of the output sig-
nal of the decoder. Otherwise the receiver of Figure 6C is similar to the re-
ceiver of Figure 6B.

Figure 7 illustrates a method according to an embodiment.

In step 700, a signal comprising data bits is encoded with a channel
code defined by a k x n generator matrix whose elements are defined by mini-
mizing the absolute value of the maximum correlation between the code words
generated by the generator matrix, where n is an integer depicting the length of
a codeword and k is an integer depicting the number of data bits to be coded
using each code word of the code.

In step 702, the encoded signal is modulated with a phase or ampli-
tude based modulation.

In step 704, the encoded signal is transmitted.

Figure 8 illustrates the performance of the code designed according
to the principles described above. The figure shows the coded bit error rate of
two different codes 800, 802 as a function of Eb/No.

Let us assume that the number of information bits to be transmitted
is 5. This is called the dimension of a code. The performance of a prior-art
code is denoted with reference number 800. The prior-art code is a Reed-
Muller (16,5) code which is a conventional channel code having the following
generator matrix:

17111111111111111
0101010101010101
G= 0011001100110011
0000111100001111
000000001111 1111

Reed-Muller codes are well known for their good performance with
small dimensions. A small k means that the portion the reference signal takes
of the total transmission energy is large if optimal performance is to be
achieved in terms of Ex/No.

The code words generated by this code do not meet the criterion of
low absolute correlation between all code words, though this is a very good
code for a coherent receiver. Note that a coherent receiver is needed and pilot
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bits have to be used for carrier phase estimation. The optimal number of pilot
bits is 12 for four receive antennas. Therefore altogether 28 bits are transmit-
ted.

The performance of a code designed using the method described
above is denoted with 802 in Figure 8. The code is of the form (28,5) as the
code does not need any pilot or reference symbols. It thus requires a non-
coherent receiver, for example the receiver of Figures 6A or 6B. The generator
matrix of the code used in the simulation of Figure 8 is as follows:

1010110101001 011100101011000
0l110010001000110001111100010
G= 0000101011101111001100101100
0111001000001 110111111011100
0011100110000110100010001111

Note that the number of transmitted bits is the same for both the
Reed-Muller RM (16,5) code and the proposed code, since pilot bits are
needed for the Reed-Muller code.

Figure 8 shows the performance of the Reed-Muller (16,5) code 800
with 12 pilot bits for channel estimation and the performance 802 of the pro-
posed (28,5) code. The results show that the proposed code has superior per-
formance in comparison with the Reed-Muller code.

The techniques described herein may be implemented by various
means. Thus, an apparatus implementing one or more functions described
with an embodiment comprises not only prior art means, but also means for
implementing the one or more functions of a corresponding apparatus de-
scribed with an embodiment and it may comprise separate means for each
separate function, or means may be configured to perform two or more func-
tions. For example, these techniques may be implemented in hardware (one or
more apparatuses), firmware (one or more apparatuses), software (one or
more modules), or combinations thereof. For firmware or software, implemen-
tation can be through modules (e.g., procedures, functions, and so on) that
perform the functions described herein. The software codes may be stored in
any suitable, processor/computer-readable data storage medium (or media) or
memory unit(s) or article(s) of manufacture and executed by one or more proc-
essors/computers. The data storage medium or the memory unit may be im-
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plemented within the processor/computer or external to the proces-
sor/computer, in which case it can be communicatively coupled to the proces-
sor/computer via various means as is known in the art.

User equipment may refer to any user communication device. The
term “user equipment” as used herein may refer to any device having a com-
munication capability, such as a wireless mobile terminal, a PDA, a smart
phone, a personal computer (PC), a laptop computer, or a desktop computer.
For example, the wireless communication terminal may be an UMTS or
GSM/EDGE smart mobile terminal having the S60 operating system from
Nokia Corporation. Thus, the application capabilities of the device according to
various embodiments of the invention may include native S60 applications
available in the terminal, or subsequently installed applications.

The steps/points, signaling messages and related functions de-
scribed above in the figures are in no absolute chronological order, and some
of the steps/points may be performed simultaneously or in an order differing
from the given one. Other functions can also be executed between the
steps/points or within the steps/points and other signaling messages sent be-
tween the illustrated messages. Some of the steps/points can also be left out
or replaced by a corresponding step/point or part of the step/point.

In an embodiment, at least some of the above described functions
may be implemented with software. The software may be stored on a storage
circuitry that is configured to store programming such as an executable code or
instructions, electronic data, databases, or other digital information, and may
include processor-usable media. Processor-usable media may be embodied in
any computer program product or article of manufacture which can contain,
store, or maintain programming, data or digital information for use by or in
connection with an instruction execution system including processing circuitry.

For example, exemplary processor-usable media may include any
one of physical media such as electronic, magnetic, optical, electromagnetic,
infrared or semiconductor media. Some more specific examples of processor-
usable media include, but are not limited to, a portable magnetic computer
diskette, such as a floppy diskette, zip disk, hard drive, random-access mem-
ory, read only memory, flash memory, cache memory, or other configurations
capable of storing programming, data, or other digital information.

An article of manufacture may comprise a computer readable me-
dium and embody program instructions executable by a computer operably
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coupled to a memory which, when executed by the computer, carry out the
functions of generating a k x n generator matrix for a code by minimizing the
absolute value of the maximum correlation between the code words generated
by the generator matrix, where n is an integer depicting the length of a code-
word and k is an integer depicting the number of data bits to be coded using
each code word of the code.

It will be obvious to a person skilled in the art that, as technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.
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CLAIMS

1. A method comprising performing the following acts by an elec-
tronic data processing system:

generating a k x n generator matrix for a code by minimizing the ab-
solute value of the maximum correlation between the code words generated by
the generator matrix, where n is an integer depicting the length of a codeword
and k is an integer depicting the number of data bits to be coded using each
code word of the code.

2. A method according to claim 1, comprising:

generating a k x n generator matrix with random entries of 0 and 1;

computing and storing the maximum absolute correlation between
code words generated by the matrix;

performing the following three steps a), b) and c) for each element
of the generator matrix:

a) changing the value of an element of the matrix;

b) computing the maximum absolute correlation between code
words generated by the matrix;

c) comparing the computed value to the stored value and if the
computed value is smaller, storing the computed value.

3. A method according to claim 2, comprising:

checking if the stored value was changed when performing the
steps a), b) and c) for each element of the generator matrix, and if so, perform-
ing the steps again for each element of the generator matrix, otherwise per-
forming the steps a), b), c¢) for each successive element group comprising two
elements and changing the values of an element group in step b) instead of a
single element.

4. A method according to claim 3, comprising:

checking if the stored value was changed when performing the
steps a), b) and c) for each element group of the generator matrix, and if so,
performing the steps again for each group of the generator matrix, otherwise
increasing the number of elements in each group by one and performing the
steps a), b), c¢) for each successive element group and changing the values of
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an element group in step b) instead of a single element.

5. A method comprising:

encoding a signal comprising data bits with a channel code defined
by a k x n generator matrix whose elements are defined by minimizing the ab-
solute value of the maximum correlation between the code words generated by
the generator matrix, where n is an integer depicting the length of a codeword
and k is an integer depicting the number of data bits to be coded using each
code word of the code;

modulating the encoded signal with a phase- or amplitude-based
modulation; and

transmitting the encoded signal.

6. An apparatus, comprising a processor configured to:

generate a k x n generator matrix for a code by minimizing the abso-
lute value of the maximum correlation between the code words generated by
the generator matrix, where n is an integer depicting the length of a codeword
and k is an integer depicting the number of data bits to be coded using each
code word of the code.

7. The apparatus of claim 6 configured to:

generate a k x n generator matrix with random entries of 0 and 1;

compute and store the maximum absolute correlation between code
words generated by the matrix;

perform the following three steps a), b) and c) for each element of
the generator matrix:

a) change the value of an element of the matrix;

b) compute the maximum absolute correlation between code words
generated by the matrix;

c) compare the computed value to the stored value and if the com-
puted value is smaller, store the computed value.

8. An apparatus configured to:

encode a signal comprising data bits with a channel code defined by
a k x n generator matrix whose elements are defined by minimizing the abso-
lute value of the maximum correlation between the code words generated by
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the generator matrix, where n is an integer depicting the length of a codeword
and k is an integer depicting the number of data bits to be coded using each
code word of the code;

modulate the encoded signal with a phase- or amplitude-based
modulation; and

transmit the encoded signal.

9. An apparatus comprising:

means for encoding a signal comprising data bits with a channel
code defined by a k x n generator matrix whose elements are defined by mini-
mizing the absolute value of the maximum correlation between the code words
generated by the generator matrix, where n is an integer depicting the length of
a codeword and k is an integer depicting the number of data bits to be coded
using each code word of the code;

means for modulating the encoded signal with a phase- or ampli-
tude-based modulation; and

means for transmitting the encoded signal.

10. An apparatus comprising

at least one demodulator demodulating a phase- or amplitude-
modulated signal,

at least one decoder calculating correlations between the received
codeword and the known code words,

at least one calculator determining the absolute value of the correla-
tion result obtained by a decoder, and

a selector for deciding the received code word.

11. The apparatus of claim 9 comprising interfaces with one or more
antennas.

12. An apparatus comprising

means for demodulating a phase- or amplitude-modulated signal,

means for calculating correlations between the received codeword
and the known code words,

means for determining the absolute value of the correlation result
obtained by a decoder, and
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means for deciding the received code word.

13. An article of manufacture comprising a computer readable me-
dium and embodying program instructions executable by a computer operably
5 coupled to a memory which, when executed by the computer, carry out the
functions of:
generating a k x n generator matrix for a code by minimizing the ab-
solute value of the maximum correlation between the code words generated by
the generator matrix, where n is an integer depicting the length of a codeword
10 and k is an integer depicting the number of data bits to be coded using each
code word of the code.

14. A computer program comprising program code means adapted
to perform any of the steps of claims 1 to 5 when the program is run on a com-
15  puter or a processor.
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