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Description

The present invention relates to a transmitter, a re-
ceiver, a method for generating a transmit signal and
a method for generating an information signal which

can be used in the digital transmission technology.

Future wireless systems are expected to support high
data rate transmission with high spectral efficiency.
Target values are in the range of 4-10 bit/s/Hz. In
order to obtain thosé high .spectral efficiencies
along with high power efficiency, powerful coding
techniques, which perform close to the theoretical
limits are necessary. At the same time, the coding
and modulation scheme needs fo be highly adaptive in
order to adjust it to the instantaneous channel state
and the required quality of service. Application of
the turbo principle has been shown to be the most
promising approach in achievihg these goals.

A particularly interesting scheme is the concatenation
of an error correcting code, e.g. a convolutional
code, a bit-interleaver and the mapper of a QAM/PSK
modulation scheme. At the receiver, iterations can be
performed between the demapper and the decoder. The
goal is to design the mapping of code bits to transmit
symbols such that the iterative detector converges at
low SNR and shows a low error floor at high SNR. At
the same time, it is wished to minimize the number of

required iterations.

Iterative demapping and decoding has been proposed
e.g. in "S. ten Brink, J. Sﬁéidel, and R.-H. Yan. It-
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erative demapping for gpsk modulation. Electronic
Letters, pages 1459-1460, July 1998"; "A. Chindapol
and A. Ritcey. Design, analysis and performance
evaluation for BICM-ID with square QAM constellations
in Rayleigh fading channels. IEEE Journal on Selected
Areas in Communications, 19(5):944 - 957, May 2001";
"F. Schreckenbach, N. Goertg, J. Hagenauer, and
G. Bauch. Optimized syﬁbol mappings for bit-
interleaved coded modulation with iterative decoding.
In IEEE Globecomn, December 2003"; in
"F. Schreckenbach, N. "Goertz, J. Hagenauer, and
G. Bauch. Optimized symbol mappings for bit-
interleaved coded modulation- with iterative decoding.
IEEE Communications Letters, 7(12):593-595, December
2003", and in "F. Schreckenbach and G. Bauch. EXIT
charts for the design of iteratively decoded multi-
level modulation. In European Signal Processing Con-
ference (EUSIPCO), September 2004".

The main idea is depicted in Figure 14. At the trans-
mitter, the data is encoded by the encoder 1402 of an
error control code. The code bits cg,; are interleaved
and mapped to complex constellation points d;y of a
QAM/PSK modulation scheme. At the receiver, the demap-
per 1472 produces soft extrinsic values L&%@d) about
the code bits based on the received values y, which
are passed to the decoder 14062. The decoder 1462
computes improved extrinsic information LEW@H) which
is fed back to the demapper 1472 and used as a-priori
information in a new decoding attempt. Some of those
iterations can significantly . reduce the error rate.
It turned out that the mapping. of code bits to
QRAM/PSK transmit symbols is essential. Particularly,
no gains are obtained in the iterative scheme if Gray
mapping 1s used (see e.g. "F. Schreckenbach,‘N. Goertz,
J. Hagenauer, and G. Bauch. Optimized symbol mappings
for bit-interleaved coded modulation with iterative de-
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coding. In IEEE Globecom, December 2003"). Therefore,
the focus was bn design of mappings different from Gray
mapping for QAM/PSK modulation, which enable large gains
of the iterative detector. Optimized mappings for turbo
detection have been presented in "F. Schreckenbach,
N. Goertz, J. Hagenauer, and G. Bauch. Optimized sym-
bol mappings for bit-interleaved coded modulation
with iterative decoding. In IEEE Globecom, December
200e3™: and in "I, Schreckenbach, N. Goertz,
J. Hagenauer, and G. Bauch. Optimized symbol mappings
for bit-interleaved coded modulation with iterative
decoding. IEEE Communications Letters, 7(12):593-595,
December 2003".

Another particularly interesting scheme was presented in
"T. Clevorn and P. Vary. Iterative decoding of BICM
with non-regular signal constellation sets. In Inter-
national ITG Conference on Source and Channel Coding,
pages 259-266, January 2004"; and in "T. Clevorn,
S. Godtmann, and P. Vary. EXIT chart analysis of non-
regular signal ccnstellation sets for BICM-ID. In In-
ternational Symposium on Information Theory and its
Applications (ISITA), pages 21 - 26, October 2004".
Here, a non-unique mapping of bits to constellation
points of the modulation scheme is used, i.e. b bkits
are mapped on a constellation with M different points
where M < 2°. For example, in Figs. 1lb5a-c, a 6-PSK con-
stellation is used for transmission of 3 bit/symbol.
Since a unique mapping of 3 bit/symbol would require a
constellation with 23 = 8 different points, ambiguities
occur. Those ambiguities are resolved in the iterative
process. The advantage of those mappings is a lower er-
ror floor on the expense of convergence at slightly
higher SNR compared to unique mappings.

The discussion in "T. Clevorn and P. Vary. Iterative
decoding of BICM with non-regular signal constellation
sets. In International ITG Conference on Source and
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Channel Coding, pages 259-266, January 2004", and in
"T, Clevorn, 8. Godtmann, and P. Vary. EXIT chart
analysis of non-regular signal constellation sets for
BICM~-ID. In International Symposium on Information
Theory and its Applications (ISITA), pages 21 - 26,
October 2004" 1is limited to 'signal constellations
where all points are located on a circle, i.e. PSK type
constellations. Examples are given in Figs. 1lba-e. How-
ever, the distances between adjacent constellation
points can be different depending on the value of o in
Figs. 15a-c. The forward error control (FEC) code is
not taken into account in the design of the mappings in
"T. Clevorn and P. Vary. Iterative decoding of BICM
with non-regular signal constellation sets. In Inter-
national ITG Conference on Source and Channel Coding,
pages 259-266, January 2004", and in "T. Clevorn,
S. Godtmann, and P. Vary. EXIT chart analysis of non-
regular signal constellation sets for BICM-ID. In In-
ternational Symposium on Information Theory and its
Applications (ISITA), pages 21 - 26, October 2004"
The mappings with ambiguities reported in the above two

references are the basis for our new proposal.

In the following, the principal of iterative demapping
and decoding is described based on the system shown in
Fig. 14.

Bit interleaved coded modulafion with iterative ("tur-
bo") detection 1is considered. The block diagram is
depicted in Figure 14. The data .is encoded by the
encoder 1402 of a forward error control -(FEC) code,
e.g. by a binary convolutional code. The code bits ci,.
are bit-interleaved according to the interleaving rule
I[1 and mapped on complex symbols dx, which are ele-
ments of a QAM/PSK signal space constellation C. The
symbols dy are transmitted over the channel 1430. The
received symbols at the channel output are denoted
¥,. A sequence of I received values of a coded block
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is collected in the vector y = [yo, Yie ...,yL_l]'. A soft-
output demapper 1472 computes soft values for the code
bits in the form of log-likelihood ratios (L-values).
L i = +1
£9(6,) = 1og, Egar = 1)
.;G:u = _1|Y)

Z p(dkly)

d, el

= J_og‘2 ———m B dkiY

dy el

where ple,, = +1ly) is the conditional probability that
the code bit cg,; was transmitted given the received
sequence y. In case of a memoryless channel, y can be
replaced by y,. C. denotes the set of all constella-
tion points d; associated with ¢, = +1, C_denotes the
set of all constellation points d; associated with

c, ., = -1,

kol

For a flat fading channel with channel coefficient Bhg
and additive white Gaussian noise n; with wvariance

o’per real dimension, i.e.
Ye = Bd, + 1,

it is obtained

log, p(dkl.Yk) = lng{p(ykldk)P(dk)}

1 1 )
= const — -2~O~-—2|yk_ - hkdk‘z + -2- c(dk)fl.(:](ck)

where ¢y means transpose, the vector
c(dk) = [Ck,v . ..,c,,’b]I contains the code bits associated -
with  constellation point dy and the  vector
,) = [L(:)(ékl} cees Lgd)(ék,b)]r contains the respective ex-
trinsic information which is fed back from the FEC de-
coder 1462.
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Equation (1) may be approximated by a max-log approxi-
mation, i.e.

B9(e,.,) » max log, p(dly) - max log, pd,ly)

From the a-posteriori logZlikelihcod ratios I™(g,,),
the extrinsic information L&%@u) is computed by bit-
wise subtraction of the a-priori log-likelihood ratios
df&;J),which are input to the demapper 1472. In the

-~

first detection step, ﬁ?&%d) = 0. The extrinsic L-
values are passed to the FEC decoder 1462. The FEC de-
coder 1462, which can be based on e.g. the BCJR algo-
rithm as defined by "L.R. Bahl, J. Cocke, F. Jelinek,
and J. Raviv. Optimal decoding of linear codes for
minimizing symbol error rate. IEEE Trans-actions on
Information Theory, IT—20:284—287, March 1974", or the
Viterbi algorithm, computes improved a-posteriori IL-
values ﬁﬂGaJ) about the code bits taking into account
the code constraints. Again, extrinsic information
ﬁﬁﬁaJ) is computed which is fed back to the demapper
1472. The demapper 1472 delivers new L-values ﬁﬁ&%u)
based on the stored received values y and the fed back
L-values ﬁ?&%d) as an additional a-priori information.
Performing some iteration can significantly improve
the error rate,

However, it has  been shown in "S, ten Brink,
J. Speidel, and R.-H. Yan. Iterative demapping for
gpsk modulation. Electronic Letters, pages 1459-1460,
July 1998"; "™ A. Chindapol and A. Ritcey. Design,
analysis and performance evaluation for BICM-ID with
square QAM constellations in Ray;eigh fading channels.
IEEE Journal on Selected Areas in Communications,
19(5):944 - 957, May 2001";."F. Schreckenbach,
N. Goertz, J. Hagenauer, and G. Bauch. Optimized sym-
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bol mappings for bit-interleaved coded modulation
with iterative decodingu_ In IEEE Globecom, December
2003"; "F. Schreckenbach, N. Goertz, J. Hagenauer, and
G. Bauch. Optimized gygbql mappings for bit-
interleaved coded modulation with iterative decoding.
IEEE Communications Letters, 7(12):593-595, December
2003"; and in "F. Schreckenbach and' G. Bauch. EXIT
charts for the design of iteratively decoded multi-
level modulation. In ngopean Signal Processing Con-
ference (EUSIPCO), September 2004" that gains by those
turbo iterations can only be achieved if special map-
pings different from Gray mapping are used. An algo-
rithm for finding optimized mappings has been presented
in "F. Schreckenbach, N. Goertz, J. Hagenauer, and
G. Bauch. Optimized symbol mappings for bit-
interleaved coded modulation with iterative decoding.
In IEEE Globecom, December 2003"; and in
"F. Schreckenbach, N. Goertz, J. Hagenauer, and
G. Bauch. Optimized symbol mappings . for . bit-
interleaved coded modulation with iterative decoding.
IEEE Communications Letters, 7(12):593-595, December
2003".

A particularly interesting mapping scheme was presented
in "T. Clevorn and P. Vary. Iterative decoding of BICM
with non-regular signal constellation sets. In Inter-
national ITG Conference on Source and Channel Coding,
pages 259-266, January ‘2004", and in "T. Clevorn,
S. Godtmann, and P. Vary. EXIT chart analysis of non-
regular signal constellation sets for BICM-ID. In In-
ternational Symposium on Information Theory and its
Applications (ISITA), pages 21 - 26, October 2004".
Here, a non-unique mapping of bits to constellation
points of the modulation scheme is used, 1.e. b bits
are mapped on a constellation with M different points
where M < 2°. For example, a 6-PSK constellation is
used for transmission of 3 bit/symbol. Since a unique
mapping of 3 bit/symbol would reqdire a constellation
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with 2® = 8 different points, ambiguities occur. Those
ambiguities are resolved in the iterative process. The
advantage of those mappings is a lower error floor on
the expense of convergence at slightly higher SNR com-
pared to unique mappings. The bit sequences, which are
assigned to the same constellation point, must differ
in at least two bits. Otherwise;_ambiguities cannot be
resolved based on fed back extrinsic information. This
is because extrinsic information means that informa-
tion is only available for the other bits but not for
the bit on which the current decision is taken. If two
bit sequences, which are assigned td the same constel-
lation point differ in only the last bit, the extrin-
sic information for the decision on the last bit would
be the same for both bit sequences and, hence, no gain
would be obtained by turbo iterations.

The discussion in "T. Clevorn and P. Vary. Iterative
decoding of BICM with non-regular signal constellation
sets. In International ITG Conference on Source and
Channel Coding, pages 259-266, January 2004”, and in
"T. Clevorn, S. Godtmann, and P. Vary. EXIT chart
analysis of non-regular signal constellation sets for
BICM-ID. In International Symposium on Information
Theory and its Applications (ISITA), pages 21 - 26, .
October 2004" is limited to signal constellations
where all points are located on a circle, i.e. PSK
type constellations, with b < 3 bit/symbol. Further-
more, not more than two bit sequences are mapped to a
particular constellation point. Examples are given in
Figs. 15a-c. However, 'the distances between adjacent
constellation points can be different depending on the
value of ao in Figs. l1l5a-c.

In case of non-unique mappings- as given in Figs. 1lba-c,
the L-values LE%@A) of some bits will be zero due to
the ambiguities. Consequently, the performance will be



10

15

20

25

30

35

WO 2006/089569 PCT/EP2005/002109

poor if no iterations are performed, i.e. iterations
are mandatory whereas they are optional with unigue

mappings.

Extrinsic information transfer (EXIT) charts as in-
troduced in "S. ten Brink. ‘Iterative decoding trajec-

tories of parallel concatenated codes. In 3rd ITG Con-
ference Source and Channel Coding, pages 75-80, Janua-
ry 2000" are a powerful tool for evaluation of the
convergence properties of turbo detectors. First, the
principle of EXIT charts is explained for the serial-
ly concatenated system depicted in Figure 14. The E-
XIT chart shows the averége mutual information bet-
ween the transmitted code bits and the .input L~
values, which are obtained from the other turbo de-
tection stage wversus the average mutual information
between the transmitted code bits and the extrinsic
output IL-values, which are passed to the other detec-
tion stage. For our system, the x-axis is the mutual
information I(e, I¥(8)) at the input of the demapper,
which is the extrinsic information fed back from the
FEC decoder. The y-axils depicts the mutual informa-
tion I&thK6D at the output of the demapper, which
is passed to the decoder as input information. Curves
for the relation between input and output mutual in-
formation are plotted for both the demapper 1472 and
the FEC decoder 1462. The trajectory between the two
curves starting from the demapper 1472 with no a pri-
ori information illustrates the performance improve-
ments by turbo iterations. An example with the theo-
retical trajectory is given in Fig. 16. Error free
detection, i.e. I&alf“&ﬂ = 1 is possible, if the tra-
jectory can proceed through a tunnel between the two
curves, i.e. the demapper and decoder curves do not

Cross.

10
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The average mutual information between code bits ¢
and L-values L(ec) can be computed by numerical
evaluation of " S. ten Brink. Convergence behavior
of iteratively decoded parallel concatenated codes.
IEEE Transactions on Communications, 49(10):1727-
1737, October 2001".

[

=3

Mo te) = ¥ [pbl)ke)

e=+l,~1 _en ép(L(c]c)
pl)e = +1) + plElc)e = -

x log,

l)dL&ﬂ

For the EXIT chart computation, it is assumed that
the input L-values L{:’)(E:kfl) and L(d)(ékll) are statisti-
cally independent and Gaussian distributed.

The EXIT chart can be used for optimization of the
mapping. Here, the intentioﬁ is to obtain demapper
EXIT curves, which reach as far as possible to the up-
per right corner since this means a reduction of the
error floor, which cannot be totally avoided with a
non-recursive inner turbe component as the QAM/PSK
mapper. In order to find those optimized mappings, the
binary switching algorithm was applied as explained
in "F. Schreckenbach, N. Goertz, J. Hagenauer, and
G. Bauch. Optimized symbdl mappings for bit=~
interleaved coded modulation with iterative decoding.
In IEEE Globecom, December 2003" and in
"F. Schreckenbach, N. Goertz, J. Hagenauer, and
G. Bauch. Optimized symbol ‘ mappings for bit-
interleaved coded modulation with iterative decoding.
IEEE Communications Letters,. 7(12):593-595, December
2003", where a cost function is used, which maximizes
the end point of the demappér EXIT curve, i.e. for
perfect extrinsic information_I&aLEK&» =1 at the de-

11
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mapper input. Perfect extrinsic information means that
all bits but the one on which the current decision is
taken are perfectly known. In this case, the decision
is between only two remaining constellation points.

The proposed mappings with ambiguities show extremely
poor performance if no iterations are performed since
the ambiguities can only bé resolved by iterations.
Consequently, even in high SNR, iterations are manda-

tory.

Moreover, low cost receivers,  which may not perform

iterations, cannot be applied.

Another disadvantage of the.proposals in "T. Clevorn
and P. Vary. Iterative decoding of BICM with non-
regular signal constellation sets. In International
ITG Conference on Scource and Channel Coding, pages
259-266, January 2004", and in "T. Clevorn,
S. Godtmann, and P. Vary. EXIT chart analysis of non-
regular signal constellation sets for BICM-ID. In In-
ternational Symposium on Information Theory and its
Applications (ISITA), pages 21 - 26, October 2004" is
that the mappings are restricted to PSK type constella-
tions. This limits the achievable bandwidth-efficiency.

It is an object of the present invention to provide a
transmitter, a receiver, a method for transmitting, a
method for receiving and a computer program which allow

a digital transmission with an improved performance.

This object is achieved by a transmitter according to
claim 1, a receiver according to claim 18, a method
for transmitting according to claim 19, a method for
receiving according to claim 22 and a computer program

according to claim 23.

12
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The present invention provides a tranmitter for gener-

ating a transmit signal, comprising:

a forward error correction encoder for generating a
first number of code bits from a second number of in-
formation bits, the first number being larger than the
second number, a ratio between the second number and

the first number defining a code ratio; and

a mapper for mapping a group of code bits to a trans-
mit symbol, the group of code bits including at least
three code bits, wherein a sequence of transmit sym-
bols represent the transmit signal,

wherein the mapper is operative tec map in accordance
with a constellation diagram having a plurality of
constellation points, each constellation point corre-
sponding to a transmit symbolf and wherein at least
two different possible groups of code bits correspond
to the same constellation point, and wherein the the
at least two different possible groups of code bits
have at least two primary bits at mutual corresponding
positions in the code gtroups, which are identical to
each other and at least one secondary bit, at a mutual
corresponding position which is different in the two

groups of bits.

The present invention further provides a receiver for
generating an information. signal, comprising:

a demapper for demapping a- transmit symbol to a group
of code bits, the group of code 'bits including at
least three code bits, '

wherein the demapper is operative to.de-map in accor-
dance with a constellation diagram having a plurality
of constellation pointé, _each constellation point
corresponding to a transmit symbol, and wherein at
least two different possib}e groups of code bits

13
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two different possible groups of code bits correspond
to the same constellation point, and wherein the at
least two different possible groups of code bits have
at least two primary bits‘ét‘mutual corresponding po-
sitions in the groups, which are identical to each
other and at least one secondary bit, at a mutual cor-
responding position which is different in the two
groups of bits; and ‘

a forward error correcting decoder for generating a
second number of information bits from a third number
of code bits, the third number of code bits being lar-
ger than the second number of information bits,
wherein a sequence of information bits represents the
information signal.

The present invention proposes a new non-unigue map-
ping method with ambiguitiesﬂ‘where'the error control
code 1is included in the désign. According to the pre-
sent invention, ambiguities occur only in certain bit
positions for the least important code bits, which
enable reasonable performance even without itera-
tions. If no iterations are performed, the receiver
sees an effective higher code rate. The scheme is
similar to a hybrid ARQ (Automatic Repeat Request)
scheme. However, the incremental redundancy is not
separately transmitted over the channel, which would
reduce the bandwildth-efficiency but becomes effective
during the iterations in the receiver. To this end,
iterations reduce the effective code rate. This can
be viewed as a kind of hierarchical modulation in
which low cost receivers, .which perform no itera-
tions, see a higher code rate than high-end receiv-
ers, which perform turbo‘iterations.

The proposed scheme enables turbo bit-interleaved

coded modulation with improved performance, e.g. lower

error floor compared to existing proposals.

14
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The scheme enables bandwidth-efficient transmission
with a reduced size of the modulation alphabet due to
non-unique mapping. This reduces the detection com-
plexity. Furthermore, the peak to average power ratio
is reduced, which relaxes the reguirements for linear-
ity of amplifiers. The back off of amplifiers can be
reduced which results in lower battery consumption and

costs.

In contrast to existing proposals with non-unique map-
ping, the proposal according to the present invention
enables reasonable performance also without iterati-
ons. This allows for hierarchical modulation with low
cost receivers, which perform no iterations and high-
end receivers, which perform iterations and thereby
lower the effective code rate.

The proposed non-unigque mappiné can be viewed as kind
of a hierarchical modulation. Iterations are only per-
formed when necessary, e.g. a low cost receiver will
not perform iterations but unlike mappings, which have
ambiguities in all bit positions, it will achieve a
reasonable BER. A high—qﬁd receiver may obtain a bet-
ter performance by turbo. iterations.

Another aspect is that due to the smaller number of
candidate transmit symbols dx, the complexity of the
demapper can be reduced with non-unique mappings com-
pared to unique mappings.

The present invention is based on -a partially non-
unique mapping, wherein code bits to be transmitted
are splitted into two sets of tode bits. According to
the inventive mapping scheme,.the bits of the first
sets are mapped into bit}bdsitions with no ambiguities
and the bits in the other set are mapped to positions
with ambiguities. The first code bits can be derived
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in the receiver without the need of any iterations and
can be used in order to decode the other non-unique
bits by performing iterations.

According to an embodiment the code bits are splitted
in accordance with a FEC (FEC; FEC = Forward Error
Correction Code) coding._According to this embodiment,
a rate-compatible punctired convolutional (RCPC) code
as defined in “J. Hagenauer. Rate-compatible punctured
convolutional codes (RCPC‘Codes) and their applica-
tions. IEEE Transactions on Communications, 36(4):389~
400, April 1988” can be used.

According to this embodiment, the forward error cor-
rection encoder is operative to use an error correc-—
tion code adapted to generaté for the number of infor-
mation bits, a first group.of more important code bits
and a second group of lessfimportant code bits, and
the transmitter further comprises a selector for se-
lecting the first group of more important code bits as
the at least two primary bits and the second group of
less important code bits as the at least one secondary
bit. An example for a very simple error correction
code is a repeat code that repeats a group of two in-
formation bits, such that the group of code bits com-
prises four bits, e.g. twice ‘the group of information
bits. Here, possible important bits are combinations
from the first and second bit, the first and fourth
bit or the second and third bit. For codes that gener--
ate a higher rate of redundancy, the decision on the
importance of bits can be additionally based on the
bit-position of redundant bits within the group of
code bits. The splitting of the code bits can be per-
formed by using punctuting codes or puncturing ma-
trixes that depend on the code implemented in the en-

coder.
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According to an embodiment, the mappings are non-
unique in the two left-most bits of a transmit symbol
and unique in the two right-most bits. This means that
the bits with ambiguitiésfare mapped to the right-most
bits and the bits with ﬁo ambiguities are mapped to
the left-most bits. The mappings can be optimized as
follows: First, the two right-most bits are fixed us-
ing a Gray mapping, which yields optimum BER perform-
ance if no iterations are performed. Given this con-
straint on the right-most bits, the two left-most bits
are optimized using the binary switching algorithm as
defined in “F. Schreckenbach, N. Goertz, J. Hagenauer,
and G. Bauch. Optimized symbol mappings for bit-
interleaved coded modulation with iterative decoding.
In IEEE Globecom, December 2003”7, and in “F. Schre-
ckenbach, N. Goertz, J. Hagenauer, and G. Bauch. Opti-
mized symbol mappings for bit-interleaved coded modu-
lation with iterative decoding. IEEE Communications
Letters, 7(12) :593-595, December 2003 », such that
the end point of the EXIT .curve is maximized.

According to an embodiment, the two sets of code bits
are separately interleaved and afterwards combined to
respective transmit symbols. Alternatively, the inter-
leaved first code bits can be premapped to a first se-
lection of possible corstellation points and after-
wards, a further mapper éelécts from the reselected
constellation points, in accordance with the second
set of code bits, the final constellation point to be
transmitted.

According to a further embodiment, a ratio between the
number of code bits in the first set and code bits in
the second set of code bits is equal or smaller than
the code ratio of the encoder used in the transmitter.
This ensures that a secure detection of the transmit-
ted information bits is possible without the need of
any iterations within the receiver.
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Preferred embodiments of the present invention are de-

scribed hereinafter making reference to the dependent

drawings.
Fig. 1
Fig. 2
Fig. 3a
Fig. 3b
Fig. 4
Fig. 4b
Fig. 5
Figs. 6a-d
Fig. 7

a PSK signal constellation with a partially
non-unique mapping according to the present

application;

a block diagram of a transmitter according
to an embodiment of the present applica-
tion;

a block diagram of a transmitter according
to a further embodiment of the present
application;

an exemplary signal flow for a transmitter
as shown in Fig. 37

a block diagram of a transmitter according
to a further embodiment. of the present in-

vention;

an exemplary signal flow for a transmitter .
as shown in Fig.‘4a;

a transmitter and a receiver according to a
further embodiment of the present applica-

tion;
PSK signal consteilationslwith a partially
non-unique mabp;ng according to embodiments

of the present invention;

BER performanée of partially non-unigue
mappings; ' '
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Figs. 8a,b optimized unique mappings for 16-PSK at 16-
QAM according to the present invention;

Figs. 9a-c optimized non-unique PSK mappings according
to an embodiment of the present applica-
tion:

Figs. 10a-d optimized non-unique OAM mappings accord-
ing to an embodiment of the present appli-
cation;

Fig. 11 EXIT chart for PSK mapp{ngs;

Fig. 12 EXIT part for QAM mappings;

Fig. 13 relevant distances with perfect ex... in-

formation for 16~PSK and 12-PSK constella-
tions:
Fig. 14 a block diagrém of iterative demapping and

decoding according to the prior art;

Fig. 15a-c PSK signal constellations with non-unique
mappings according to the prior art; and

Fig. 16 EXIT chart for a demapper according to the
prior art.

Fig. 1 shows signal space constellation points of a
partially non-unique ﬁapping according to the present
invention. Fig. 1 shows PSK constellation points being
arranged on a circle. Two tranéﬁit symbols are mapped
to each of the 8 cons;allation points. The transmit
symbols 1010 and 0101 are mapped to the first constel-
lation point 1, the transmit symbols 1111 and 0011 are
mapped to the second constéllation point 2, the trans-
mit symbols 1011 and 0111 are mapped to the third con-—
stellation point 3, the transmit symbols 1101 and 0001
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are mapped to the fourth constellation point 4, the
transmit symbols 1010 and 0101 are mapped to the
fifths constellation point 5, the transmit symbols
1100 and 0000 are mapped to the sixth constellation
point 6, the transmit symbols 1000 and 0100 are mapped
to the seventh constellation point 7 and finally the
transmit symbols 0010 and 1110 are mapped to the
eights constellation point 8.

Each transmit symbol is a 4 bit transmit symbol. As
can be seen from Fig. 1, the two right-most bits of
each transmit symbol, marked by dotted circles, are
mapped uniquely to a constellation point, whereas the
left-most two bits of each transmit symbol are mapped
non-uniquely to the constellation points. For example,
in constellation point 1, the two right most-bits 10
are identical in both transmit symbols which corre-
spond to the constellation point 1. The other two bits
are mapped non-uniquely to the constellation point 1.
This means that the left two bits of the first trans-
mit symbol 10 are different from the two left bits 01
of the second transmit symbol which correspond to the
first constellation point.

This means that from a received constellation point,
the two right-most bits of the transmit symbel can be
derived without the need of any iterations. To derive
the left-most bits, iterations are necessary. These
iterations will have a low error rate, as there are

already two bits known from each transmit symbol.

Fig. 2 shows a schematic view of a transmitter accord-
ing to an embodiment of the present application. The
transmitter 100 comprises an encoder 102 and a mapper
112. The encoder 102 can be a forward error correction
encoder for generating a first number of code bits
from a second number of information bits, the first
number being larger than the second number, a ratio
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between the second number and the first number defin-
ing a code ratio. The mapper 112 is configured to re-
ceive the code bits from the encoder 102 and to map
groups of code bits to a transmit symbol which corre-
sponds to a constellation peoint. The mapper 112 is
configured to map the code.bits according to a mapping
diagram or a mapping schgﬁe which can be based on the
signal space constellation points as shown in Fig. 1.

For example, as shown in Fig. 2, the encoder 102 can
be configured to receive a two information bits 11
that are part of a sequence of information bits to be
transmitted by the transmitter and to generate a group
of code bits 1111 from the information bits 11. In ac-
cordance to Fig. 1, the mapper 112 is configured to
map the group of code bits 1111 to a transmit symbol
which corresponds to the constellation point 2 in Fig.
s

Fig. 3a shows a further schematic view of é transmit-
ter according to an embodiment of the present applica-
tion. Further to the transmitter shown in Fig. 2, the
transmitter 300, as shown in‘Fig. 3a, comprises a se-
lector 304, a primary interleaver 306, a secondary in-
terleaver 308 and a combiner 310. The encoder 102 1is
configured to receive information bits and to provide
code bits according to* é fo;ward. error correction
code. The selector 304 is: configured to receive the
code bits and separate the code bits into primary bits
and secondary bits. The primary bits are the bits' to
be mapped on none ambigﬁous pbsitions of the constel-
lation point. The secondafy bits are the bit to be
mapped on ambiguous positions -of the constellation

point. According to this embodiment, the primary bits
are received by the primary interleaver 306 Which is
configured to interleave feceived-sequences‘of ﬁrimary'
bits. Accordingly, the secondary interleaver 308 is
configured to interleave receiﬁed sequences of secon-
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dary bits and to provide interleaved secondary bits.
The combiner 310 recdmbinés the interleaved primary
bits from the primary ihterleaver 306 with the inter-
leaved secondary bits .from the secondary interleaver
308 and outputs interleaved code bits. The groups of
interleaved code bits are mapped by the mapper 112 to
correspondent transmit symbols. Again, the mapper 112
can use a mapping diagram‘ashitzis shown in Fig. 1.

According to this invention, the code bits of the en-
coder are not directly interleaved and mapped but
first the code bits are divided in two sets of code
bits which are separately interleaved and afterwards

recombined.

Fig. 3b shows an exemplary flow diagram of signals
through the transmitter shown in Fig. 3a. The de-
scribed signal constellations are-exemplary only and
do not correspond to real epcbders or interleavers.
Two consecutive information bit sequences 01 and 11
are encoded by the encoder ‘102 into two groups of code
bits 0110 and 1100. The selector 304 selects the first
two bits of the code bits 01 and 00 as primary bits
and selects the last two bits of the code bits 10 and
00 as secondary bits.

The primary bits and secondary bits are interleaved by
the interleaver 306, 308 which exemplarily changes the
first and the last bits of the two 'groups of primary
bits and secondary bits. Thus, the interleaver outputs’
interleaved primary bits 11; 10 and interleaved secon-
dary bits 00, 01. The ;ombiner 310 is configured to
combine interleaved primary bpits with corresponding
interleaved secondary bits. Thué,.twO groups of inter-
leaved code bits 0011 and 0110 are outputted by the
combiner 310 and input by the mapper 212 which mappes
the first group of code bits 0011 to the constellation
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point 6 and the second group of code bits 0110 to the
constellation point 4 according to Fig. 1.

Fig. d4a shows a schematic view of a transmitter ac-
cording to a further embodiment of the present inven-
tion. In difference to the embodiment shown in Fig.
3a, the transmitter 400 comprises a mapper 412 which
comprises a premapper éizé "and a following mapper
412b. The premapper 412a is configured to receive the
interleaved primary bits ﬁrdm:the primary interleaver
306. The premapper 412a is configured to preselect
constellation points which are preferably used to
transmit the primary bits that are to be mapped on
unigue bit positions. The follbwing mapper 412b se-
lects the final constellation point from the prese-
lected constellation points in view of the interleaved
secondary bits which are to be mapped on non-unique
bit positions of the transmiﬁﬂsymbol.

Fig. 4b shows an exemplary flow diagram of signals in
the transmitter 400 shown in Fig. 4a. In difference to
Fig. 3b, the interleaved primary bits 11, 10 are not
combined with the interleaved secondary bits 00, O01.
Instead, the premapper 412a preselects the constella-
tion point 3 or the constellation point 2 for the
first group of interleaved primary bits and the con-
stellation point 8 and the constellation éoint 1 for
the second group of interleaved primary bits 10. This
selection 1is in accordance with Fig. 1, wherein the
interleaved primary bits corréspond to the right-most
bits of the transmit symbols shown in Fig.- 1. Now us-
ing the left-most bits of the_diagraﬁ showﬁ in: Fldgs 1y
constellation point 2 is used due to the first group
of interleaved secondary bit combination 00 and the
constellation point 1 is chosen due to the interleaved
secondary bit combination 01 of the second group of

interleaved secondary bits.

23



10

15

20

25

30

35

WO 2006/089569 PCT/EP2005/002109

23

Fig. 5 shows a schematic view of a transmitter 500 and
a receiver 550 according to a further embodiment of
the present application. The transmitter 500 comprises
an encoder 202, a selector 304, a primary interleaver
306 and a secondary interleaver 308 and a mapper 212
comprising a first mapper for the primary code bits
and a second mapper for the secondary code bits. The
constellation points generated by the mapper 212 are
transmitted via a channel 530 to the receiver 550. The
receiver 550 comprises a decoder 562, a de-interleaver
566, an interleaver 567 and a demapper 572. The func-
tionality of the blocks shown in Fig. 5 correspond to
the blocks described in detail in combination with
Fig. 14. In difference to Fig. 14, the code bits are
separated in primary bits and secondary bits by the
selector 304 in the transmitter 400, Further, the pri-
mary code bits and the secondary code bits are sepa-
rately interleaved and mapped. In accordance with the
present invention, the mapper 212 and the demapper 572
are based on a different mapping scheme than the map-
per 1412 and the demapper 1472 shown in Fig. 14. Nev-
ertheless, the receiver 550 comprises the same struc-

ture as the receiver described in Fig. 14.

The transmitter 500 and the receiver 550 shown in
Fig. 5 are based on a joint design of FEC coding and
partially unique mapping.

According to this embodiment, the mapping is modified
such that ambiguities can occur only in certain bit
positions. Furthermore, it is proposed to take the
FEC code into account in the decision, which code
bits are mapped to bit positions with ambiguities. To
be more specific, the least important code bits
should be mapped to bit positions with ambiguities in
order to optimize the error rate performance without

iterations.
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It is proposed to use a rate-compatible punctured
code for FEC coding, e.g. a rate-compatible punctured
convolutional (RCPC) code. A puncturing pattern p at
the selector 304 indicates which code bits are more
(pk = 1) or less (pk = 0) important. The puncturing
pattern is used in order to separate the code bits
into two sets, which are ‘separately interleaved. The
bits, which are normally punctured, are then mapped
on bit positions with ambiguities whereas the bits,
which are not punctured, aﬁe mapped on bit positions
with no ambiguities. Thus, the bits being punctured
are the secondary bits.  Examples for proposed map-

pings are given in Figs 6a-d.

Fig. 6a shows a sym. 8~PSK s, Fig. 6b shows an asym
8-PSK s, Fig. 6c shows a sym. B-PSK e and Fig. éd
shows an asym 8-PSK e.

The constellation diagram shown in Fig. 6a has al-
ready been described in Fig. 1. The constellation
diagrams shown in Figs. 6b-d correspond to the con-
stellation diagram described in Flg: 1s

The mappings shown in Figs. 6a-d are non-unique in
the two left-most bits and unigue in the two right-
most bits. The mappings have been optimized as fol-
lows: First, the two right-most bits are fixed using
a Gray mapping, which yields optimum BER performance
if no iterations are performedh'Given this constraint
on the right-most bits, the two left-most bits are op-
timized using the binary switching algorithm such that
the end point of the EXIT curve is maximized.

Whereas adjacent constellation points in the mappings
of Fig. 6a and 6c have the same Euclidean diétance,
the distance is additionally optimized in the con-
stellations in Figs. 6b and 6d.
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According to the diagram shown in Fig. 6b, a first
constellation point correspdﬁds to the group of code
bits 1111 and 0011, a second éqnstellation point, cor-
responding to the group of ‘code bits 1010 and 0110, a
third constellation point, corresponding to the group
of code bits 1110 and 0010, .a fourth constellation
point corresponding to the group of code bits 1100 and
0000, a fifth constellation. point, corresponding to
the group of code bits 1000 and 0100, a sixth constel-
lation point, corresponding to the group of code bits
10001 and 0101, a seventh censtellation point, corre-
sponding to the group of code bits 1101 and 0001, and
a eighth constellation .point, corresponding to the
group of code bits 0111 and 10101.

}M:cording' to the diagram ‘'shown in Fig. 6¢, a first
constellation point cor#esponds to the group of code
bits 0011 and 1111, a second constellation point,
corresponding to the groﬁp of code bits 1100 and 0000,
a third constellation'ﬁpoiht, corresponding to the
group of code bits 0110 .-and 1010, a fourth constella-
tion point corresponding to the group of code bits
1101 and 0001, a fifth" qonstéllation point, corre-
sponding to the group of code bits 1000 and 0100, a
sixth constellation point, corresponding to the group
of code bits 1011 and'.0111, a seventh constellation
point, corresponding to the group of code bits 0010
and 1110, and an éiéhth constellation point,
corresponding to the group ‘of code bits 1001 and
0101. . ’

According to the diagfém shown in Fig. 6d, a first
constellation point corresponds to the group of code
bits 1100 and 0000, a .second constellation point,
corresponding to the group of code bits 1010 and 0110,
a third constellation point, mcofresponding to the
group of «code bits 0001 ‘and 1101, a fourth
constellation point correéponding to the group of code
bits 1011 and 0111, a fifth constellation point,
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0111, a fifth constellatioﬁ. point, corresponding to
the group of code bits 1000 and 0100, a sixth constel-
lation point, corresponding;ﬁo the group of code bits
1110 and 0010, a seventh constellation point, corre-
sponding to the group of code bits 0101 and 1001, and
a eighth constellation :point, corresponding to the
group of code bits 1111 ana:OOll.

In a first demapping step in the receiver 550 shown in
Fig. 5, the ambiguities cannot be resolved and conse-
quently, the demapper L~values for the bit positions
with non-unique mapping Qili be zero. The advantage of
the partially non-unigue mappings in Figs. 6a-d is,
that the FEC decoder gets nori-zero L-values for the
most important Dbits, whiéh have been transmitted in
bit positions with unique mapping, and is able to pro-
duce a reasonable error rate even without iterations,
e.g, if a code with rate_ﬁ = 1/3 is applied in combi-
nation with one of the mappings in Figs.6a-d, the code
in the first decoding steplwill be punctured to rate R
= 2/3 by non resolvable:ambiguities. In the itera-
tions, non-zero L-values becoﬁe available also for the
other code bits which means that basically iterations
lower the effective code .rate. This is similar to a
hybrid ARQ scheme with-inbremental redundancy where
originally punctured bits are additionally transmit-
ted if necessary. In contrast to ARQ, with non-unique
mapping the incrementalifedﬁndancy is transmitted in
bit positions with ambiguities, which unlike ARQ does
not cause a bandwidth expansion. The incremental re-
dundancy is made available by iterations.

Fig. 7 shows simulation results for the BER perform-
ance of the partially unidue mappings-in Figé. 6a—-6d.
For channel coding a rate 1/3 convolutional code was
used. For comparison, the"performance of QPSK with
Gray mapping and a convolutional code of rate 2/3 is-
included, i.e. with the ‘same t;ansmiésion rate. It can
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be concluded that the partially unique mappings allow

significant turbo gainé but still show reasonable per-

formance if no iterations are, applied. E.g. the map-
ping asym 8-PSK s perfdrms only 1 dB worse than QPSK
if no iterations are done biut yields more than 4 dB
gain over QPSK with Gray coding at BER 10-° after
5 iterations. The BER performance is of partially non-
unique mappings with 4 bit/symbol. .

The following embodiments are restricted to mappings
where the Euclidean distance between adjacent points
is the same for all constellation elements since it
is found that the impact of shifting some constella-
tion points is relatively small. Examples for trans-
mission of b = 4 bit/symbol with M.< 2° = 16 constel-
lation points are given. A unique mapping would re-
quire M = 16 constellation points.'Optimized unigue
mappings for 16-PSK and 16-QAM modulation are ‘de-
picted in Figs. 8a, 8b. '

First, the question how many constellation points
should be used is considered. Optimized non-unique
mappings are depicted in Figs. 9a - c¢. for PSK type
constellations with M = 12 and M = 8 constellation
points. The mappings with M = 8 constellation points
differ in the number of bit sequences, which are as-
signed to a particular symbol.

The inventive approach is not limited to four bit
transmit symbols or code_gfoups, as shown in the fig-
ures, but can consist of three bits or more bits.
Further, as shown in Fig. 9b; more than two, e.g. 3
or more transmit symbols can be assigned to a single
constellation point. In Fig. 9%b four transmit symbols
are assigned to a first constellation point 901 and a
fifth constellation peint 905. The first constella-
tion point 901 corresponds to the transmit symbols
1160, 0011, 0110, 0110, 1010. Again, two of the
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transmit symbols 0110 and 1010 correspond to the
first constellation point 901 have two identical bits
10 at mutual corresponding positions. Alternatively,
(not shown in Fig. B8b) all four transmit symbols of
the first constellation point can have identical bits
at the same bit positions. The identical bits do not
have to be located in the two right most bit posi-
tions but can be at any bit position of the transmit
symbol. Further, the inventive approach can be imple-
mented for mapping diagrams comprising any kind of
number of constellation points larger than one.

The EXIT chart for the PSK constellations in Figs.

8a, b is depicted in Fig. 11. It can be observed that

the constellation with M = 12 points reaches a higher

end point in the EXIT chart than is achievable with

the optimized 16-PSK constellation. This means that

the error floor is reduced. Fig. 11 is an EXIT chart

for PSK mappings. Eg/No = 10dB. Fig. 12 is an EXIT
chart for QAM mappings. Es/NO = 10dB. '

An even higher end point can be obtained with the
constellation 8-PSK m. However, for this constella-
tion, the turbo scheme converges at significantly
higher SNR since the EXIT curve-starts at a signifi-~
cantly lower value. Earlier. convergence can be ob-
tained with the constellation B-PSK ¢ on the expense
of a higher error floor. It can be concluded that the
constellation size should be reduced by less than a
factor of two in order to obtain a good trade-off be-
tween early convergence and low error floor. Similar
results are obtained for QAM' constellations in Figs.
10a - d. '

The effect that a higher end point of the EXIT curve
can be obtained with non-unique mappings rather than
with unique mappings is illustrated in Figure 13. The
end point in the EXIT curve iﬁplies perfect extrinsic
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information at the input of the demapper 572, 1i.e.
all bits but the bit on which the current decision is
taken are perfectly known. _ Consequently, the error
probability is determined by, the Euclidean distances
between constellations Points, which differ in the
respective unknown bit. These distances are indicated
in Fig. 13. It can be observed that a PSK constella-
tion with a reduced number of constellation points
allows decreasing the proba{bility' of a decision be-

tween points with minimum Euclidean distance.

The inventive approach of splitting the code bits
into two sets according to a puncturing pattern and
mapping the bits in one set to bit positions with no
ambiguities and the bits in the other set to bit po-
sitions with ambiguities can be used from methods for
transmitting an information signal and for receiving
a transmit signal. The mapping scheme is not re-
stricted to PSK and QAM constellations, but can be
used for any other signal space constellation diagram
based, for example, on QPSK, PAM, QAM, PSK, M-QAM, M-
PSK, wherein M is a number equal to or greater than
L

Depending on the conditions,. the i1nventive methods
for transmitting an information signal and for -re-
ceiving a transmit signal may be implemented in hard-
ware or in software. The. img;lement_ation may be per-
formed on a digital stoxage:medium, in particular a
disc or a CD using control signals which may be read
out electronically, which may thus cooperate with a
programmable computer syéten’i so that the method is
performed. Generally, the iﬁvention is also present
in a computer program product comprising a program
code stored on a machine readable carrier for per-
forming the inventive method for éncrypting original
data when the computer program product runs on a com-
puter. In other words, the invention may also be re-
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alized as a computer program having a program code
for performing the method 'for encrypting original

data when the computer program runs on a computer.
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Claims

s Transmitter for generating a transmit signal,
comprising:

a forward error correction encoder (202) for generat-
ing a first number of code bits from a second number
of information bits, the first number being larger
than the second number,‘a_ratio between the second
number and the first number defining é‘code ratio; and

a mapper (212) for mapping a group of code bits to a
transmit symbol, the group of code bits including at
least three code bits, wherein a sequence of transmit

symbols represent the transmit signal,

wherein the mapper is operative to map in accordance
with a constellation diagram having a plurality of
constellation points, each constellation point corre-
sponding to a transmit symbol, and wherein at least
two different possible groups of code bits correspond
to the same constellation point, and wherein the the
at least two different possible groups of code bits
have at least two primary bits at mutual corresponding
positions in the code groups, which are identical to
each other and at least one secondary bit, at a mutual
corresponding position which is different in the two
groups of bits.

Transmitter according to claim 1, wherein the forward
error correction encoder (202) is operative to use an
error correction code adapted to generate for the num-
ber of information bits, a first group‘of more impor-
tant code bits and a second group of less important
code bits, and :
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further comprising a selector (304) for selecting the
first group of more Iimportant code bits as the at
least two primary bits and:-the second group of less

important code bits as the at least one secondary bit.

Transmitter according to.glaim 2, wherein the selector
(304) is operative to sépérate the primary bits from
the at least one secondéry‘bit of the code bits from
the encoder (202); and o

a primary interleaver (306) being operative to inter-
leave the primary code bits and to provide interleaved
primary code bits; |

a secondary interleaver being operative to interleave
the at least one secondary code bit and to provide in-
terleaved secondary code bits; and

a combiner (310) being operative to combine inter-
leaved primary code bits'ﬁith the at least one corre-
sponding interleaved secondary bit and to provide the
combined group of interleaved code bits to the mapper
(212).

Transmitter according to claim 2, wherein the selector
(304) is operative to separate the primary bits from
the at least one secondary bit of the code bits from
the encoder (202), andl

wherein the mapper (212) further comprises a primary
mapper (412a) being operative to premap the primary
bits in accordance with' a primary mapping diagram to
at least two of the constellation points and further
comprising a secondary mapper (412b) being operative
to map the at least one secondary bit in accordance
with a secondary mapping diagram to one of the at
least two constellation points being selected by the
primary mapper, wherein the. constellation point se-

33



10

15

20

29

30

35

WO 2006/089569 +33 PCT/EP2005/002109

lected by the secondary mapper corresponds to the
transmit symbol of the transmit signal.

Transmitter according to claim 4, further comprising a
primary interleaver {306):being operative to inter-
leave the primary bits ﬁrom the selector (304) and to
provide interleaved primary bits to the primary mapper
(412a), and

a secondary interleaver (308) beiﬁg operative to in-
terleave the secondary bits from the selector and to
provide interleaved secondary bits to the secondary
mapper (412b).

Transmitter according to one of claims 1 to 5, wherein
a ratio between a number of primary bits and the num-
ber of secondary bits of a group of code bits is equal
or smaller than the code ratio.

Transmitter according to one of claims 1 to 6, wherein
the plurality of constellation points are signal based
constellation points having different phases.

Transmitter according to claim 7, wherein the constel-
lation points are successively arranged on a circle,
each constellation point having a different phase.

Transmitter according to claim 8, wherein a first con-
stellation point (1) corresponds to the group of .code
bits 1011 and 0111, a second constellation point (2),
corresponding to the group of code bits 1111 and 0011,
a third constellation point (3), correspdnding to the
group of code bits 1011 and 0111, a fourth constella-
tion point (4) corresponding'to the group of code bits
1101 and 0001, a fifth qonstéllation point (5), corre-
sponding to the group of code bits 1001 and 0101, a
sixth constellation point (6), corresponding to the
group of code bits 1100 and 0000;,a seventh constella-
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10.

11.

12.

tion point (7), corresponding to the group of code
bits 1000 and 0100, and a eighth constellation point
(8), corresponding to the group of code bits 0010 and
1110.

Transmitter according to élaim 8, wherein a first con-
stellation point corresponds to the group of code bits
1111 and 0011, a second constellation point, corre-
sponding to the group of code bits 1010 and 0110, a
third constellation point, corresponding to the group
of code bits 1110 and 0010, a fourth constellation
point corresponding to the group of code bits 1100 and
0000, a fifth constellation point, corresponding to
the group of code bits 1000 and 0100, a sixth constel-
lation point, corresponding to the group of code bits
10001 and 0101, a seventh constellation point, corre-
sponding to the group of code bits 1101 and 0001, and
a eighth constellation point, coriesponding to the
group of code bits 0111 and 10101.

Transmitter according to claim 8, wherein a first con-
stellation point corresponds to the group of code bits
0011 and 1111, a second constellation point, corre-
sponding to the group of code bits 1100 and 0000, a
third constellation point, corresponding to the group
of code bits 0110 and 1010, a fourth constellation
point corresponding to the group of code bits 1101 and
0001, a fifth constellation pbint, corresponding to
the group of code bits 1000 and 0100, a sixth constel-
lation point, corresponding to the group of code bits
1011 and 0111, a seventh constellation point, corre-
sponding to the group of code bits 0010 and 1110, and
a eighth constellation point, corresponding to the
group of code bits 1001 und 0101.

Transmitter according to claim 8, wherein a first con-

stellation point corresponds to the group of code bits

1100 and 0000, a second constgllation point, corre-
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13

14,

155

16.

sponding to the group of.code bits 1010 and 0110, a
third constellation point, corresponding to the group
of code bits 0001 and 1101,. a fourth constellation
point corresponding to the group of code bits 1011 and
0111, a fifth constellation point, corresponding to
the group of code bits 1000 and 0100, a sixth constel-
lation point, corresponding to the group of code bits
1110 and 0010, a seventh constellation point, corre-
sponding to the group of code bits 0101 and 1001, and
a eighth constellation point, corresponding to the
group of code bits 1111 and 0011.

Transmitter according to one of claims 1 to 12,
wherein the constellation diagram is one of the fol-
lowing mapping schemes:

QPSK, PAM, QAM, PSK, M-QAM, M-PSK, M being a number
equal to or greater than one.

Transmitter according to one of claims 1 to 13,
wherein the encoder is bperative to use a rate com-
patible punctured code for forward error correction
and wherein the selector is operative to use a punc-
turing pattern correspondent fo the forward error cor—
rection code to separate the primary bits from the
secondary bits. ‘

Transmitter according to one of claims 1 to 14,
wherein the group of code‘bits-comprises four bits,
and wherein the two left-most bits are the primary
bits and the two right-most bits are the secondary
bits.

Transmitter according to one of claims 4 or 5, wherein

the primary mapping diagram is based on a Gray mapping
scheme.
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Transmitter according to one of claims 4 or 5, wherein
the secondary mapping diagram is based on a binary
switching algorithm.

Receiver for generating an information signal compris-—

ing:

a demapper (572) for demapping a transmit symbol to a
group of code bits, the. group of code bits including
at least three code bits,

wherein the demapper is dpeiative to de-map in accor-
dance with a constellation diagram having a plurality
of constellation points, each constellation point cor-
responding to a transmit symbol, and wherein at least
two different possible groups of code bits correspond
to the same constellation point, and wherein the at
least two different possible groups of code bits have
at léast two primary bits at mutual corresponding po-
sitions in the groups, which are identical to each
other and at least cone secondary bit, at a mutual cor-
responding position which is different in the two

groups of bits; and

a forward error correcting decoder for generatiné a
second number of information bits from a third number
of code bits, the third number of code bits being lar-
ger than the second number of information bits,
wherein a sequence of information bits represents the

information signal.
Receiver according to claim 18, wherein the receiver
is operative to use an iterative decoding scheme based

on a turbo detection.

Receiver according to one of claims 17 or 18, wherein

the forward error correcting decoder is operative to
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2.

22.

use a BCJR algorithm or a Viterby algorithm for decod-
ing.

Method for generating a transmit signal, the method

comprising:

generating a first number of code bits from a second
number of information bits, the first number being
larger than the second number, a ratio between the
second number and the first number defining a code ra-

tio;

mapping a group of code bits‘to a transmit symbol, the
group of code bits including at least three code bits,
wherein a sequence of transmit symbols represent the

transmit signal,

wherein the mapper 1s operative to map in accordance
with a constellation diagram having a plurality of
constellation points, each constellation point corre-
sponding to a transmit symbol, and wherein at least
two different possible groups of code bits correspond
to the same constellation poéint, and wherein the at
least two different possible groups of code bits have
at least two primary bits at mutual corresponding po-
sitions in the groups, which are identical to each
other and at least one secondsgry bit, at a mutual cor-
responding position which is different in the two

groups of bits.

Method for generating an ‘information signal, the

method comprising:
demapping a transmit symbol to a group of code bits,

the group of code bits including at least three code
bits, )

38



10

15

20

WO 2006/089569 38 PCT/EP2005/002109

23

wherein the demapper is operative toldemap in accor-
dance with a constellation diagram having a plurality
of constellation points, each constellation point cor-
responding to a transmit symbol, and wherein at least
two different possible groups of code bits correspond
to the same constellation.point, and wherein the at
least two different possible groups of code bits have
at least two primary bits at mutual corresponding po-
sitions in the groups, ﬁhiph are identical to each
other and at least one séqondary bit, at & mutual cor-
responding position which is different in the two

groups of bits,

generating a second number of information bits from a
first number of code bits, the first number of code
bits being larger than the second number of informa-
tion bits, wherein a sequence of information bits
represents the information signal.

Computer program for performing at least one of the

methods according to claims 21 or 22, wherein the com-

puter program runs on a computer.
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