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The present disclosure relates to a device for generating a
polar code x,; of length N and dimension K on the basis of
a transformation matrix G, of size NxN, wherein the trans-
formation matrix G, is based on a first matrix G, of size
N,xN, and on a second matrix Gy, of size N;xN,;, wherein
N=N,'N, and wherein the polar code x, is given by
X\=U, G, Wherein u,=(u,, . . . Uy.,) is a vector of size N,
an element u,, i=0, . . . N-1, of the vector corresponding to
an information bit if i€], I being a set of K information bit
indices, and u,=0, if i€F, F being a set of N-K frozen bit
indices.
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CONSTRUCTION OF A POLAR CODE
BASED ON A DISTANCE CRITERION AND A
RELIABILITY CRITERION, IN PARTICULAR

OF A MULTI-KERNEL POLAR CODE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/EP2017/068930, filed on Jul. 26,
2017, the disclosure of which is hereby incorporated by
reference in its entirety.

TECHNICAL FIELD

[0002] In general, the present disclosure relates to data
encoding and decoding in communication systems. More
specifically, the present disclosure relates to an apparatus
and a method for encoding and decoding data using polar
codes.

BACKGROUND

[0003] Reliable transmission of data over noisy commu-
nication channels requires some kind of error correction
coding to be used. Polar codes are a class of channel codes
introduced by Arikan in the work “Channel polarization: a
method for constructing capacity-achieving codes for sym-
metric binary-input memoryless channels,” IEEE Trans. Inf.
Theo, July 2009. They are provably capacity-achieving over
various classes of channels, and they provide excellent error
rate performance for practical code lengths.

[0004] In their original construction according to the
aforementioned work by Arikan, polar codes are based on
the polarization effect of the Kronecker products of the
matrix:

T(1o]
RSy

[0005] This matrix is also called kernel of the polar code.
A polar code of length N and dimension K is defined by a
transformation matrix G,~T,%”, N=2", and a frozen set
F<[N], [N]={0, 1, . . ., N-1}, of size IFI=N-K. The
information set is the complementary set of the frozen set,
I=[N]\F, of size III=K. For encoding, the elements u, of a
binary input vector u,, of length N are set to zero for i€F, and
to the information bits for i€l. The polar code is obtained as
Xa=Un G-

[0006] As a consequence, only code lengths of the form
N=2" can be generated. On the other hand, any code dimen-
sion (i.e., number of information bits) K is possible. Thus,
polar codes admit any code rate R=K/N.

[0007] A drawback of the original construction of polar
codes is that their code lengths are restricted to powers of 2,
i.e., N=2". This is not sufficient in order to cover the
diversity of block lengths demanded by modem communi-
cation systems.

[0008] In the prior art, different approaches have been
suggested in order to solve the problem related to the length
of polar codes, as elucidated in the following.

[0009] In the so-called puncturing or shortening tech-
niques from coding theory, the codes can be trimmed to any
code length, as proposed, for example, in the works: “A
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Novel Puncturing Scheme for Polar Codes”, IEEE Comm.
Lett., December 2014, by Wang et al., “On the Puncturing
Patterns for Punctured Polar Codes”, IEEE ISIT, July 2014,
by Zhang et. al., and “Beyond Turbo Codes: Rate-Compat-
ible Punctured Polar Codes”, IEEE ICC, June 2013 by C.
Kai et al. However, the main shortcomings of puncturing
and shortening techniques of original polar codes are related
to the lack of structure in the frozen sets and in the
puncturing or shortening patterns generated by these meth-
ods. In particular, every modified code has a different frozen
set and puncturing or shortening pattern, and, thus, these
frozen sets and puncturing and/or shortening patterns have
to be stored or calculated on the fly. Hence, these methods
are not practical to implement due to their high latency and
are not simple to describe in a systematic manner, such as
tables of nested sets. Moreover, puncturing and shortening
techniques generally lead to a loss in the error-rate perfor-
mance compared to the full (non-shortened or non-punc-
tured) code.

[0010] In order to solve the problem related to the code
length of the original construction of polar codes, multi-
kernel constructions of polar codes have also been proposed
such as, for example, in PCT/EP2016/069593. It is worth
noticing that the original polar codes are a special case of
multi-kernel polar codes, wherein the block length is a
power of 2 and only kernels T, are used. In these construc-
tions, by using kernels of different dimensions, polar codes
of block lengths that are not only powers of two (or more
general powers of integers) can be obtained. This results in
a multi-kernel polar code with a very good error-rate per-
formance, while the encoding complexity remains low and
the decoding follows the same general structure as for usual
polar codes.

[0011] The main idea of the polar codes is that, based on
successive-cancellation decoding as will be elucidated
below, some input bit positions are more reliable than others
due to a polarization phenomenon. This holds for multi-
kernel polar codes as well, wherein the information bits are
put in the most reliable positions of the input vector u,,
while the unreliable positions of the input vector are set to
the fixed bit value 0, called also frozen bits, which form the
frozen set, as described above. The reliabilities of the input
bit positions can be obtained by density evolution, genie-
aided simulation, or other similar methods (see, e.g., “A
comparative study of polar code constructions for the
AWGN channel,” arXiv: 1501.02473, 2015, by H. Vangala
etal.). However, in the prior art, multi-kernel polar codes are
either solely based on the reliability constructions or are
solely based on minimum distance constructions, leading to
a poor block error rate (BLER) performance for codes
having medium lengths. In particular, in the reliability
constructions, as mentioned above, the information set, or
equivalently the frozen set, is typically designed by first
determining the reliabilities of the input bit positions using
density evolution and, then, selecting the most reliable bits
for the information. Such a construction is appropriate for
long codes under successive-cancellation (SC) decoding.
For short codes under successive-cancellation list (SCL)
decoding, on the other hand, the effect of the polarization is
less dominant, and the construction focusing on minimum
distance is required. However, especially for codes having
medium lengths none of these constructions is appropriate.

[0012] Thus, there is a need for an improved device and
method for encoding and decoding data using polar codes.
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SUMMARY

[0013] It is an object of the disclosure to provide for an
improved device and method for encoding and decoding
data using polar codes.

[0014] The foregoing and other objects are achieved by
the subject matter of the independent claims. Further imple-
mentation forms are apparent from the dependent claims, the
description and the figures.

[0015] According to a first aspect, the disclosure relates to
a device for generating a polar code x, of length N and
dimension K on the basis of a transformation matrix G,, of
size NxN, wherein the transformation matrix G, is based on
a first matrix G,, of size N,xN, and on a second matrix G,
of size Nded, 'wherein N N N, and wherein the polar
code X, is given by X,~U, Gy, Wherein uy=(u,, . . ., Uy)
is a vector of size N, u,, i=0, . . . N-1, corresponding to an
information bit if i€l, I being a set of K information bit
indices, and u,=0, if i€F, F being a set of N-K frozen bit
indices. The device comprises a processor configured to:
generate a reliability vector

vay, = Dis v, ),

wherein v, represents a reliability of an i-th input bit of a
code generated by the first matrix G, generate a distance
spectrum vector

doy, =ldi, ... . dn,]

of a code generated by the second matrix Gy, wherein d,
represents a minimum distance of the code generated by the
second matrix G, of dimension j, determine the set of K
information bit indices I on the basis of the reliability vector
Vay, and of the distance spectrum vector d; , and generate
the polar code c,, on the basis of the set of K information bit
indices 1.

[0016] The device according to the first aspect generates
the polar code based on a design which combines both the
technique based on the reliability construction and the
technique based on the minimum distance construction.
Thus, an improved device is provided, since it operates on
the enhanced distance profile of the transformation matrix of
the polar code, taking into account the reliabilities of the bits
in order to improve the minimum distance design.

[0017] In a possible implementation form of the device
according to the first aspect, the processor is further con-
figured to generate the transformation matrix G, on the basis
of the following equation:

Gn=Gy, @Gy,
wherein G, =G, ® ... ®G,, , G, =G, o ®...8G, N=p,-
. Pos Nd¢k+1 e P Whereln G, isa kernel matrlx and

Whereln Ais an 1nteger assuming a Value comprised in the
interval [0, ., s], s being the total number of kernel
matrices Gpj forming the first matrix G,, and the second
matrix G,

[0018] Thus, an improved device with large flexibility is
provided thanks to the parameter A, which allows to switch
from the reliability based construction to the distance based
construction in an easy way. The two known extreme
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designs based only on reliability and only on the distance are
special cases of the proposed design, corresponding to A=0
and A=s, respectively. The optimal value of A can be
calculated offline by means of simulations and stored in the
device.

[0019] In a further possible implementation form of the
device according to the first aspect, in order to determine the
set of K information bit indices I, the processor is further
configured to: determine an index 1 of the largest entry 7, in
a vector 7 with the largest value 1, wherein the vector z is
defined by z=Vay, @w, wherein w is a vector defined by
w=[d,, dy, 1, dy, 5 - - -, ds, dy], add the index [ to the set of
K information bit indices I and set the entry z, to zero, and
if 1=(p,~1) mod p,, remove the index (1-p.+1) from the set
of K information bit indices I, add the index 1-1 to the set
of K information bit indices I, and set 7, ,=0 and z,,, ,,=7",.
p41, Wherein 7', ., denotes an element of a vector 7|,
wherein the vector 7' is defined by z'=Ven, @W', wherein w'
is a vector defined by w'=[d,, dy, 1, dy, 5 - - -, dy, ds].
[0020] In a further p0551b1e implementation form of the
device according to the first aspect, in order to determine the
set of K information bit indices I, the processor is further
configured to initialize the set of K information bit indices
1 as an empty set, prior to determining the index 1.

[0021] In a further possible implementation form of the
device according to the first aspect, the polar code x, has
length N=12, wherein the transformation matrix is given by
G, ,=T,RT,RQT;, with:

[0022] In a further possible implementation form of the
device according to the first aspect, the processor is further
configured to generate the reliability vector Yy, by calcu-
lating the reliability of the i-th input bit of the code generated
by the first matrix G,, on the basis of a density evolution
algorithm or Monte- Carlo simulations.

[0023] According to a second aspect, the disclosure relates
to a communication apparatus comprising a channel encoder
comprising a device for generating a polar code according to
the first aspect.

[0024] According to a third aspect, the disclosure relates
to a communication apparatus comprising a channel decoder
comprising a device for generating a polar code according to
the first aspect.

—_ = =
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TZ:(1 1]andT3: 10
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In a possible implementation form of the communication
apparatus according to the third aspect, the communication
apparatus comprises a processor configured to decode the
polar code on the basis of a successive-cancellation (SC)
algorithm or a successive-cancellation list (SCL) algorithm.

[0025] According to a fourth aspect, the disclosure relates
to a method for generating a polar code x,, of length N and
dimension K on the basis of a transformation matrix G,, of
size NxN, wherein the transformation matrix G, is based on
a first matrix G,, of size N,xN,, and on a second matrix G,

of size Nded, ‘wherein N N N, and wherein the polar
code c,, is given by x,~u,-G,, wherein u,=(u,, . . . Uy.) is
a vector of size N, u,, i=0, . . . N-1, corresponding to an
information bit if i€l, I being a set of K information bit
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indices, and u,=0, if i€F, F being a set of N-K frozen bit
indices. The method comprising the steps of: generating a
reliability vector

ey, =i, ovnds

wherein v, represents a reliability of an i-th input bit of a
code generated by the first matrix G, generating a distance
spectrum vector

doy, =ldi, ... d,]

of a code generated by the second matrix Gy, wherein d,
represents a minimum distance of the code generated by the
second matrix Gy, of dimension j, determining the set of K
information bit indices I on the basis of the reliability vector
Ve, and of the distance spectrum vector d , and generat-
ing the polar code x,, on the basis of the set of K information
bit indices 1.

[0026] According to a fifth aspect, the disclosure relates to
a computer program comprising a program code for per-
forming the method of the fourth aspect when executed on
a computer.

[0027] The disclosure can be implemented in hardware
and/or software.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Further embodiments of the disclosure will be
described with respect to the following figures, wherein:
[0029] FIG. 1 shows a schematic diagram of a communi-
cation system comprising a communication apparatus com-
prising a device for generating a polar code according to an
embodiment;

[0030] FIG. 2 shows a schematic diagram illustrating a
Tanner graph of a polar code generated by a device accord-
ing to an embodiment;

[0031] FIG. 3 shows a schematic diagram illustrating the
performance of polar codes generated by a device according
to an embodiment; and

[0032] FIG. 4 shows a schematic diagram of a method for
generating a polar code according to an embodiment.
[0033] In the various figures, identical reference signs will
be used for identical or at least functionally equivalent
features.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0034] In the following description, reference is made to
the accompanying drawings, which form part of the disclo-
sure, and in which are shown, by way of illustration, specific
aspects in which the present disclosure may be placed. It is
understood that other aspects may be utilized and structural
or logical changes may be made without departing from the
scope of the present disclosure. The following detailed
description, therefore, is not to be taken in a limiting sense,
as the scope of the present disclosure is defined by the
appended claims.

[0035] For instance, it is understood that a disclosure in
connection with a described method may also hold true for
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a corresponding device or system configured to perform the
method and vice versa. For example, if a specific method
step is described, a corresponding device may include a unit
to perform the described method step, even if such unit is not
explicitly described or illustrated in the figures. Further, it is
understood that the features of the various exemplary
aspects described herein may be combined with each other,
unless specifically noted otherwise.

[0036] FIG. 1 shows a schematic diagram of a communi-
cation system 100 comprising a communication apparatus
102 comprising a device 1025 for generating a polar code x,,
according to an embodiment.

[0037] The communication apparatus 102 comprises a
channel encoder 102a, wherein the channel encoder com-
prises the device 1025 for generating the polar code x,, of
length N and dimension K on the basis of a transformation
matrix G, of size NxN according to an embodiment.

[0038] The transformation matrix G, is based on a first
matrix G, of size N,xN,, and on a second matrix G, of size
N_xN, wherein N=N ‘N, and wherein the polar code x,, is
given by X,~U, Gy, Wherein u,=(u,, . . . U,.,) is a vector of
size N, u,, i=0, . . . N-1, corresponding to an information bit
if i€L, 1 being a set of K information bit indices, and u,=0,
if i€F, F being a set of N-K frozen bit indices.

[0039] The device 10256 comprises a processor 102¢ con-
figured to: generate a reliability vector

vay, = s v,

wherein v, represents a reliability of an i-th input bit of a
code generated by the first matrix G, generate a distance
spectrum vector

doy, =ldi, ..., dn,]

of a code generated by the second matrix Gy, wherein d,
represents a minimum distance of the code generated by the
second matrix G, of dimension j, determine the set of K
information bit indices I on the basis of the reliability vector
Ve, and of the distance spectrum vector d , and generate
the polar code x,, on the basis of the set of K information bit
indices I.

[0040] Thus, the device 1025 advantageously allows for a
construction of polar codes, in particular of multi-kernel
polar codes, which makes use of both the bit-channel
reliabilities and the distance properties. The processor 102¢
can be configured to combine the reliability and distance
techniques in order to design or generate the set of frozen bit
indices (or, equivalently, the set of information bit indices)
of the multi-kernel polar code in such a way that the
performance of the polar code is enhanced.

[0041] Thus, an improved device 1024 is provided, since
it operates on the enhanced distance profile of the transfor-
mation matrix G, of the polar code x,, taking into account
the reliabilities of the bits in order to improve the minimum
distance design. For example, simulations show excellent
BLER performance for the proposed design under SC list
decoding (with list length 8) for exemplary codes having
medium lengths (N~100 . . . 1000).
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[0042] In an embodiment the transformation matrix G, is
a multi-kernel polar code matrix given by:

GN:GN,®GNd>
wherein G, =G, ® . .. @G, , Gy =G, &...QG,,N,=p,-

oo Do Ny DPys1 - - - "D, Wherein Gpj 1 a kernel matrix and
wherein A is an integer assuming a value comprised in the
interval [0, . . ., s], s being the total number of kernel
matrices G, forming the first matrix G, and the second
matrix Gy, The first matrix Gy, and the second matrix Gy,
can be treated as transformation matrices of smaller multi-
kernel polar codes, of length N.=p,- . . . -p,. and N =p, , " .
. . 'p,, respectively.

[0043] Furthermore, the processor 102¢ can be configured
to generate a reliability vector Ven,=[v,, . . . v,/ ], wherein
v, represents a reliability of an i-th input bit ‘of a code
generated by the first matrix G,, on the basis of a density
evolution algorithm (DE/GA, see, e.g., “Performance of
Polar Codes with the Construction using Density Evolu-
tion”, by R. Mori et al., IEEE Comm. Letters, July 2009),
Monte-Carlo simulations or a similar method. In particular,
the value of'v, is related to the probability of making an error
under SC decoding of the i-th input bit assuming that the
previous input bits were correctly decoded.

[0044] The minimum distances achievable for the input
bits of the second matrix Gy, and thus the minimum-
distance spectrum, can be computed as it will be described
in the following.

[0045] The processor 102¢ can be configured to calculate
the distance spectrum of a multi-kernel polar code as the
Kronecker product of the distance spectra of the kernels
forming the transformation matrix G, sorted in descending
order. After generating the distance spectrum vector

dGNd =[di, ... ,dy,]

of a code generated by the second matrix G, as explained
above, the processor 102¢ can further be configured to
calculate a vector w=[d,, d d ...,d, d;] and a
vector w'=[d,,, d [dl, Nd_l, de_é ] Wh’ichz,are2 ]used to
Ny U1 G2 > Gay Uz,

generate the polar code x,.

[0046] Moreover, given the pre-calculated vectors Yay,,
w and w', the processor 102¢ can be configured to calculate
the vectors

z=vgy @wand 2 =vg, ®W,

and use z and 7' in order to generate the code X, Therefore,
the vector z and the vector z' contain information about the
reliability and distance.

[0047] The processor 102¢ can also be configured to
execute an algorithm which initializes the information set an
empty set, and then to add sequentially, step-by-step, one
row index to the information set. Then, at each step, the
position 1 of the largest entry z, in the vector z with the
largest value 1 is determined, and this index 1 is added to the
information set, while the entry z, itself is set to zero. In
addition, if I=(p,~1) mod p,, the index (1-p.+1) is removed
from the information set, and the index 1-1 is added to the
set of K information bit indices I, while the algorithm sets
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7,,=0 and 7, ,,=7, ., The algorithm stops when the
information set comprises K elements. The remaining N-K
elements form the frozen set. The processor 102¢ con be
configured to stop adding bit indices to the set of K infor-
mation bit indices I, when the number of elements or indices
contained in the set of information bit indices I is equal to
K.

[0048] The additional part is required, as by construction,
(1-p,+1) should be not be in the information set any more in
the step where 1is added. Furthermore, this part is possible,
as (1-1) is not yet in the set of K information bit indices I at
this stage.

[0049] Once, the polar code x,, is generated, the commu-
nication apparatus 102 can be configured to send it to the
communication apparatus 104 via a communication channel.

[0050] In an embodiment, the communication apparatus
104 comprises a channel decoder 104a, wherein the channel
decoder 104a comprises a device 1045 for generating a polar
code as described above. Moreover, the communication
apparatus 104 can comprise a processor 104¢ configured to
decode the polar code on the basis of a successive-cancel-
lation (SC) algorithm or a successive-cancellation list (SCL)
algorithm.

[0051] FIG. 2 shows a schematic diagram illustrating a
Tanner graph of a polar code generated by the device 1025
according to an embodiment.

[0052] In general, the relationship between the input vec-
tor u, and the polar code x,, can be represented by a Tanner
graph. An example of a Tanner graph is illustrated in FIG.
2 for a polar code of length N=12 and transformation matrix
G, ,=T,&T,QT;. In this embodiment, the Tanner graph of
the polar code x,, is given by three stages or layers which are
denoted by Stage 1, Stage 2, and Stage 3, respectively. The
last two stages (Stage 3 and Stage 2) are connected by an
edge permutation P of length 12, while the first stage (Stage
1) is connected to the polar code by the inverse edge
permutation P~*.

[0053] Moreover, in FIG. 2 the vectors z and 7' for all
possible values of the parameter A=0, . . . , 3 are depicted as
well. In particular, the parameter A indicates the stage or
layer in the Tanner graph of the polar code x,, in which the
reliability construction and the distance construction are
combined. The reliabilities of the bits up to layer A can be
calculated according to the reliability construction men-
tioned above. The reliability vector Véy, can then be used in
the minimum distance design algorithm as the spectrum of
the first A layers. The result is a mixed profile of the polar
code X, In particular, an embodiment with A=0 corresponds
to the reliability-based construction only, while an embodi-
ment with A=s, wherein s is the number of kernels used in
the generation of the transformation matrix, corresponds the
minimum-distance-based construction only. Therefore, in
FIG. 2, the cases with A=0 and A=3 represent the reliability-
based design (labeled DE/GA) and the minimum-distance-
based design (labeled dist), respectively.

[0054] In the following table, the information sets
obtained for different values of A for a polar code x,, of
dimension K=4 are listed:
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TABLE 1

Information sets for different parameters A for code length N = 12

A Information set
0 (DE/GA) Ug, Ug, Ujgs Uy
1 Us, Ug, U, Upy

2 Us; Ug, Uyos Upy
3 (dist) Us, Us, Ujo, Uyy

[0055] As it can be taken from table 1, the information set
depends on the choice of the parameter A. An optimal choice
of the parameter A can be done on the basis of numerical
simulations.

[0056] Once the polar code x,, is generated, the commu-
nication apparatus 102 can be configured to send the polar
code X, to the communication apparatus 104. The processor
104c¢ of the communication apparatus 104 can be configured
to decode the received polar code x,, affected by the propa-
gation through the communication channel, namely the

vector of noisy symbols yx=(Yo, Y1» Y2, Y35 Yas ¥s» Yes ¥7: Vs
Yo Y10s Y11)-

[0057] The processor 104¢ can be configured to perform a
successive cancellation (SC) or successive cancellation list
(SCL) decoding of the vector of noisy symbols y,, in order
to get an estimate of the sent polar code x,. In the case of
SC decoding, the input bits (corresponding to the ones on the
left side of the Tanner graph) can be decoded successively
from top to bottom by propagating the log-likelihood-ratio
(LLR) values from right to left and hard-decisions (partial
sums) from left to right (see, the aforementioned work by
Arikan). The LLRsL®, . .. L™ appearing at the right-most
side correspond to the channel observations. LLRs and
hard-decisions can be computed according to update func-
tions which can be found in the aforementioned work by
Arikan. As an alternative to SC decoding, SC list decoding
(see, the work by I. Tal et. al, “List decoding of polar codes,”
in IEEE ISIT, July 2011) or similar decoding methods can be
used as well.

[0058] FIG. 3 shows a schematic diagram illustrating the
performance of polar codes generated by the device 1026
according to an embodiment.

[0059] In FIG. 3, the block error rate (BLER) of multi-
kernel polar codes constructed according to embodiments of
the disclosure (labeled PROPOSED) is shown as a function
of'the signal to noise ration E /N, in dB. In this embodiment,
a transmission with binary phase shift keying (BPSK) over
an additive white Gaussian noise (AWGN) channel and list
decoding with list size =8 are used (see, 1. Tal et. al, “List
decoding of polar codes,” in IEEE ISIT, July 2011).
[0060] In this embodiment, the design parameter is given
by A=1, and the constructed polar codes have a dimension
K=48, and lengths N=576, 288, 144, 96, 72. Moreover, the
performance of polar codes according to embodiments of the
disclosure (PROPOSED case) is compared to the construc-
tion of polar codes based only on the reliability design (see,
PCT/EP2016/069593), denoted by DE/GA design in the
figure, and on the minimum distance design (see, PCT/
EP2016/082555), denoted by min-dist design in the figure.
[0061] As it can be taken from FIG. 3, the performance of
polar codes constructed according to embodiments of the
disclosure is better than the performance of the polar codes
constructed using other designs, especially for lengths
N>200. For very short codes, the polar codes constructed by
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using the minimum-distance-based design, obtained by set-
ting A=s, outperform the other designs.

[0062] FIG. 4 shows a schematic diagram of a method 400
for generating a polar code x,, of length N and dimension K
on the basis of a transformation matrix G, of size NxN
according to an embodiment.

[0063] The transformation matrix G, is based on a first
matrix G, of size N,xN,, and on a second matrix G, of size
N_xN, wherein N=N ‘N, and wherein the polar code x,, is
given by x,~u, Gy, wherein u,=(u,, . . . . Uy ;) is a vector
of'size N, u,, i=0, . . . N-1, corresponding to an information
bit if i€], I being a set of K information bit indices, and u,=0,
if i€F, F being a set of N-K frozen bit indices.

[0064] The method 400 comprises the steps of: generating
402 a reliability vector

vay, = Dis v,

wherein v, represents a reliability of an i-th input bit of a
code generated by the first matrix Gy, generating 404 a
distance spectrum vector

day, = [di, .. dy,]

of a code generated by the second matrix Gy, wherein d,
represents a minimum distance of the code generated by the
second matrix G, of dimension j, determining 406 the set of
K information bit indices I on the basis of the reliability
vector Yy, and of the distance spectrum vector d;, and
generating 408 the polar code c,, on the basis of the set of K
information bit indices 1.

[0065] While a particular feature or aspect of the disclo-
sure may have been disclosed with respect to only one of
several implementations or embodiments, such feature or
aspect may be combined with one or more other features or
aspects of the other implementations or embodiments as
may be desired and advantageous for any given or particular
application. Furthermore, to the extent that the terms
“include”, “have”, “with”, or other variants thereof are used
in either the detailed description or the claims, such terms
are intended to be inclusive in a manner similar to the term
“comprise”. Also, the terms “exemplary”, “for example” and
“e.g.” are merely meant as an example, rather than the best
or optimal. It should be understood that the terms “coupled”
and “connected”, along with similar terms or derivatives,
may have been used to indicate that two elements cooperate
or interact with each other regardless whether they are in
direct physical or electrical contact, or they are not in direct
contact with each other.

[0066] Although specific aspects have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific aspects
shown and described without departing from the scope of
the present disclosure. This application is intended to cover
any adaptations or variations of the specific aspects dis-
cussed herein.

[0067] Although the elements in the following claims are
recited in a particular sequence with corresponding labeling,
unless the claim recitations otherwise imply a particular
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sequence for implementing some or all of those elements,
those elements are not necessarily intended to be limited to
being implemented in that particular sequence.
[0068] Many alternatives, modifications, and variations
will be apparent to those skilled in the art in light of the
above teachings. Of course, those skilled in the art readily
recognize that there are numerous applications of the dis-
closure beyond those described herein. While the present
disclosure has been described with reference to one or more
particular embodiments, those skilled in the art recognize
that many changes may be made thereto without departing
from the scope of the present disclosure. It is therefore to be
understood that within the scope of the appended claims and
their equivalents, the disclosure may be practiced otherwise
than as specifically described herein.

1. A device for generating a polar code x,, of length N and
dimension K, device comprising:

a processor configured to:

generate a reliability vector

vay, =i, v,

wherein v, represents a reliability of an i-th input bit of a
code generated by a first matrix G, of size N,xN,;
generate a distance spectrum vector

doy, =ldi, ... d,]

of a code generated by a second matrix G, Of size
N_xN,, wherein d, represents a minimum distance of
the code generated by the second matrix Gy, the

distance spectrum vector iﬂw—d having dimension j;
determine a set of K information bit indices I on the
basis of the reliability vector Ve, and of the dis-
tance spectrum vector d; ; and
generate the polar code x,, on the basis of the set of K
information bit indices 1,
wherein:
N-N,N,,
the polar code x,, is given by X,=u, Gy,
a transformation matrix G, of size NxN is based on
the first matrix G, and on the second matrix G,
u=(Ug, . . ., Uy, ) is a vector of size N, and
an element v,, i=0, . . . , N-1, of the vector corre-
sponding to an information bit if i€1, and u,=0, if
i€F, F being a set of N-K frozen bit indices.
2. The device of claim 1, wherein the processor is further
configured to generate the transformation matrix G, on the
basis of the following equation:

GN:GN,®GNd>
wherein G, =G, ® . ®Gpﬁ Gy =G, @ ... Q&G,,
N,=p, . pk, Nd¢k+1 e Pss WherelnG 1sakernel

matrix and wherein A is an integer assummg a value
comprised in the interval [0, . . ., s], s being the total
number of kernel matrices G, formlng the first matrix
G, and the second matrix G
3. The device of claim 1, Whereln in order to determine
the set of K information bit 1ndlces 1, the processor is further
configured to:
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determine an index 1 of the largest entry 7z, in a vector z
with the largest value 1, wherein the vector z is defined

by
2=vay ®w,

wherein w is a vector defined by w=[d,, d\y _,,dy 5 ..., ds,
d];
add the index 1 to the set of K information bit indices I and
set the entry 7, to zero; and
ifI=(p,~1) mod p,, remove the index (1-p+1) from the set
of K information bit indices 1, add the index 1-1 to the
set of K information bit indices I, and set z;, ;=0 and
Zyp+1=Z 1p+1» Wherein 2';, ., denotes an element of a
vector 7', wherein the vector 7' is defined by 7=
Ve, @w', wherein W' is a vector defined by w'=[d,,
Ay 1oy s e s oy Ao
4. The device of claim 3, wherein in order to determine the
set of K information bit indices I, the processor is further
configured to:
initialize the set of K information bit indices I as an empty
set, prior to determining the index 1.
5. The device of claim 1, wherein the polar code x,, has
length N=12, wherein the transformation matrix is given by
G,,=T,8T,&T,, with:

11
10
Tzz(l 1]andT3: 10

01

[

6. The device of claim 1, wherein the processor is further
configured to generate the reliability vector Vcy, by calcu-
lating the reliability of the i-th input bit of the code generated
by the first matrix G,, on the basis of a density evolution
algorithm or Monte- Carlo simulations.

7. A communication apparatus comprising a channel
encoder, the channel encoder comprising the device for
generating the polar code according to claim 1.

8. A communication apparatus comprising a channel
decoder, the channel decoder comprising the device for
generating the polar code according to claim 1.

9. The communication apparatus of claim 8, wherein the
communication apparatus comprises processor configured to
decode the polar code on the basis of a successive-cancel-
lation (SC) algorithm or a successive-cancellation list (SCL)
algorithm.

10. A method for generating a polar code x,, of length N
and dimension K, the method comprising the steps of:

generating a reliability vector Yen, =[v,, . .. v, ], wherein

v, represents a reliability of an i-th input bit of a code
generated by the first matrix G, of size N,xN,,
generating a distance spectrum vector

dGNd =[di, ... ,dy,]

of a code generated by the second matrix Gy, Of size N, xN 4
wherein d,; represents a minimum distance of the code



US 2020/0162111 Al

generated by the second matrix G, the distance spectrum

vector iﬂtaﬁ having dimension j;
determining a set of K information bit indices I on the
basis of the reliability vector sy, and of the distance
spectrum vector dg, ; and
generating the polar code x,, on the basis of the set of K
information bit indices I,
wherein:
N-N,:N,,
the polar code X, is given by x,=u,'Gy,
a transformation matrix G, of size NxN is based on the
first matrix G, and on the second matrix Gy,
u,=(ug, . . ., U,;) is a vector of size N, and
an element u,, i=0, . . . , N-1, of the vector correspond-
ing to an information bit if i€l, and u,=0, if i€F, F
being a set of N-K frozen bit indices.
11. A computer program comprising a program code for
performing the method of claim 10 when executed by a
processor.
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