wo 2017/005874 A1 |1 I} NN TP OO0 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/005874 A1l

12 January 2017 (12.01.2017) WIPOIPCT
(51) International Patent Classification: (72) Inventors: HANDTE, Thomas; Holzwiesenstr.2, 70794
HO4L 1/00 (2006.01) HO4L 27/34 (2006.01) Filderstadt (DE). SCHNEIDER, Daniel; Kissingerstr. 70,
. e . ) 70327 Stuttgart (DE). LOGHIN, Nabil; Im Kaisemer 13A,
(21) International Application Number: PCT/EP0L6/066190 70191 Stuttgart (DE). EITEL, Ben; Vicki-Baum-Weg 29,
71116 Gartringen (DE).
(22) International Filing Date: 7 Il 2016 (07.07.2016) (79 Agent: WITTE, WELLER & PARTNERPATENTAN-
wy (07.07.2016) WALTE MBB; Postfach 10 54 62, 70047 Stuttgart (DE).
(25) Filing Language: English (81) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
(30) Priority Dat AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
T10r1 ata:
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
15176027.9 9 July 2015 (09.07.2015) EP DO, DZ. EC, EE. EG, ES, FL, GB, GD, GE, GH, GM. GT.
(71) Applicant: SONY CORPORATION [JP/JP]; 1-7-1 Kon- HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
an, Minato-Ku, Tokyo, 108-0075 (JP). KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(71) Applicant (for JP only): SONY DEUTSCHLAND PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
GMBH [DE/DE]; Kemperplatz 1, 10785 Berlin (DE). SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (uniess otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

[Continued on next page]

(54) Title: CODING AND MODULATION APPARATUS USING NON-UNIFORM CONSTELLATION

imaginary part

SNR=16dB PAPR =1.31154dB8 Gain = 0.692989 dB

15
& L ]
) o 10101 | 00101 e
10111 00111
L 2 L
10011 . . 00011
s | 10100 | 00100 .
: 10001 00001
N ° L 2 $ N N
oy 10010 | 10110 010 | 030 | gutog
0
1000, 4 * ° 01000
1010 | 49499 o110 | 01010
05 C 0
11001 . . 01001
. 1100 | 01100 .
1011 01011
-1 13 ¥
M1 e o 011
11101 | 01101
155 -1 05 0 05 1
real part

Fig. 5

(57) Abstract: A coding and modulation apparatus and
method are presented, particularly for use in a system ac-
cording to IEEE 802.11. The apparatus comprises an en-
coder configured to encode input data into cell words ac-
cording to a low density parity check code, LDPC, and a
modulator configured to modulate said cell words into
constellation values of a non-uniform constellation and
to assign bit combinations to constellation values of the
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CODING AND MODULATION APPARATUS USING
NON-UNIFORM CONSTELLATION

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims priority to European Application 15176027.9 filed

on 9 July 2015, the contents of which being incorporated herein by reference in its entirety.

BACKGROUND

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to a coding and modulation apparatus and

method as well as a demodulation and decoding apparatus and method. Further, the present

disclosure relates to a transmission apparatus and method as well as a receiving apparatus
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and method. Still further, the present disclosure relates to a computer program and a non-

transitory computer-readable recording medium.

DESCRIPTION OF RELATED ART

[0002] Modern communications systems typically employ, among other ele-
ments, a coding and modulation apparatus (as part of a transmission apparatus) and a
decoding and demodulation apparatus (as part of a receiving apparatus). The coding and
modulation apparatus is often part of a so called BICM (Bit Interleaved Coded Modula-
tion) apparatus, which generally comprises (at the transmitter side) a serial concatenation
of a FEC (Forward Error Correction) encoder, a bit interleaver, and a modulator, which
uses spectral efficient modulation such as BPSK (Binary Phase Shift Keying), QPSK
(Quaternary Phase Shift Keying), or QAM (Quadrature Amplitude Modulation).

[0003] BICM allows for good performance due to the use of the interleaver
and/or the FEC encoder. It has a reasonable decoding complexity as opposed to multilevel
coding (MLC) coding schemes and is thus used frequently in communications systems,
such as in all DVB systems (e.g. DVB-S2x), powerline communications (e.g., Homeplug
AV), DAB, LTE, WiFi (IEEE 802.11), ATSC 3.0, etc.. The first generation of 60GHz
WLAN is specified in IEEE 802.11ad. Systems in accordance with IEEE 802.11ad use
uniform constellations. Several Modulation and Coding Schemes (MCSs) are defined.
Currently, there is a working group which investigates possible technologies for the next

generation of the specification which will likely be called §02.11ay.

[0004] The “background” description provided herein is for the purpose of
generally presenting the context of the disclosure. Work of the presently named
inventor(s), to the extent it is described in this background section, as well as aspects of the
description which may not otherwise qualify as prior art at the time of filing, are neither

expressly or impliedly admitted as prior art against the present disclosure.
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SUMMARY

[0005] It is an object to provide a coding and modulation apparatus and method
providing an increased or even maximized coding and modulation capacity and a reduced
bit error rate and reception with a reduced required SNR (signal-to-noise ratio) and,
preferably, with reduced PAPR (peak to average power ratio), preferably providing a
maximized overall gain, i.e. the sum of shaping gain and peak power gain. It is a further
object to provide a demodulation and decoding apparatus and method as well as a corre-
sponding computer program for implementing said methods and a non-transitory comput-

er-readable recording medium for implementing said methods.

[0006] According to an aspect there is provided a coding and modulation appa-

ratus comprising

- an encoder configured to encode input data into cell words according to a low
density parity check code, LDPC, and

- a modulator configured to modulate said cell words into constellation values of a
non-uniform constellation and to assign bit combinations to constellation values of
the used non-uniform constellation,

wherein said modulator is configured to use, based on the total number N of constellation

points of the constellation and the code rate, one of the non-uniform constellations as

defined in claim 1.

[0007]  According to a further aspect there is provided a transmission apparatus
comprising
- a coding and modulation apparatus as claimed in claim 1 configured to encode and
modulate input data into constellation values,
- a converter configured to convert said constellation values into one or more trans-
mission streams to be transmitted, and

- a transmitter configured to transmit said one or more transmission streams.
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[0008] According to another aspect there is provided a demodulation and decod-
ing apparatus comprising
- a demodulator configured to demodulate constellation values of a non-uniform
constellation into cell words and to assign bit combinations to constellation values of the
used non-uniform constellation, and
- a decoder configured to decode cell words into output data according to a low
density parity check code, LDPC,
wherein said demodulator is configured to use, based on the total number N of constella-
tion points of the constellation and the code rate, one of the non-uniform constellations as

defined in claim 13.

[0009] According to a further aspect there is provided a receiving apparatus
comprising
- a receiver configured to receive one or more transmission streams,
- a deconverter configured to deconvert one or more transmission streams into said
constellation values, and
- a receiver signalling unit configured to transmit receiver signalling information to a
transmission apparatus with which said receiving apparatus seeks to communicate, said
receiver signalling information including one or more of a) the total number N of constella-
tion points and the code rate R of a constellation to be used, b) an indication of the constel-
lation to be used, c) constellation points of a constellation to be used, d) channel conditions
of a communications channel between the receiving apparatus and a transmission appa-
ratus with which said receiving apparatus seeks to communicate and €) PHY impairments

at the receiving apparatus.

[0010] According to still further aspects corresponding methods, a computer
program comprising program means for causing a computer to carry out the steps of the
methods disclosed herein, when said computer program is carried out on a computer, as

well as a non-transitory computer-readable recording medium that stores therein a comput-
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er program product, which, when executed by a processor, causes the methods disclosed

herein to be performed are provided.

[0011]  Preferred embodiments are defined in the dependent claims. It shall be
understood that the claimed methods, the claimed computer program and the claimed
computer-readable recording medium have similar and/or identical preferred embodiments

as the claimed apparatus and as defined in the dependent claims.

[0012]  One of the aspects of the disclosure is that the constellation points of the
used constellations, called non-uniform constellations, are not located on a regular grid
with equidistant symbols, but rather on optimized locations, e.g. dependent on the channel
conditions between the transmission apparatus and a receiving apparatus with which the
transmission apparatus wants to communicate (e.g. in a WirelessLAN network). Further,
the used constellation is selected (preferably in advance, but generally on the fly in other
embodiments) dependent on the code rate and the desired total number of constellation
points of the used constellation. The code rate and total number of constellation points
(also referred to as “modulation order”) may depend among other parameters on the
channel quality, such as signal-to-noise ratio. A method how to find and optimize these
non-uniform constellations (in the following called NUCs) will be explained below.
Further, for the proposed non-uniform constellations a bit labelling (i.e. an assignment of

bit combinations to constellation values of the used non-uniform constellation) is proposed.

[0013] Generally, the coding and modulation capacity, such as the BICM ca-
pacity in systems using a BICM apparatus, is considered as a target function, and it is
desired to find optimum constellation points such that this capacity is maximized and
constraints to the PAPR (peak to average power ratio) are simultaneously applied, often
subject to a power normalization, i.e., the average power of the constellation points should

be normalized to e.g. 1.
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[0014] The disclosed NUCs may solely be optimized for BICM capacity (shap-
ing gain), whereas the peak power may be left unconstraint. Those NUCs may be mainly
suitable for multicarrier (MC) communication schemes, where the peak power of the
constellation is independent of the actual output peak power of the modulator. In single
carrier (SC) modulation, however, the peak power is an additional design element. There-
fore, the present disclosure proposes a NUC design with peak power consideration. The
overall SNR gain compared to uniform state-of-the-art constellations comprises two
sources, namely shaping gain as well as PAPR gain. In other words, the present disclosure
proposes NUCs with peak power constraint. NUCs optimized in this way can, in general,
be applied to any modulation scheme (SC or MC) and in any communication standard.

Their full potential is particularly achieved in SC.

[0015] In the tables presented herein various constellations are provided for dif-
ferent values of N and for different code rates R. It should be noted that the code rate R
indicated in the tables are not to be understood such that a particular constellation is only
valid for exactly this code rate, but also for slightly different code rates. The code rate as
indicated in amodulation and coding scheme (MCS) index might differ from the true code
rate of the system, e.g. because of padding and other constraints related to the frame

structure.

[0016] It should also be noted that one or more of the following “invariant trans-
formations” do not affect the properties of the constellations:
1. rotation of all symbols by an arbitrary angle ¢,
2. inversion of m-th bity_m =b € {0,1} to y_m = ~b, where the bar indicates inversion,
3. interchanging of bit positions y_k1 and y_k2,
4. reflection on Re{x1}- and/or Im{xl}-axis,
5. predistortion,
6. mirroring on any line in the complex plane.
Thus, the modulator may also use a non-uniform constellation obtained from a constella-

tion from anyone of groups A, B or C through rotation by an angle around the origin, an
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inversion of bit labels for all constellation points, an interchanging of bit positions for all
constellation points and/or a reflection on the real part and/or imaginary part axis. For
instance, if one constellation point has bit labels 0010 for 16-QAM, all first bit labels can
be inverted such that this point becomes 1010. Further, constellation obtained through any
other trivial manipulation, such as rounding of the constellation points’ positions shall
generally be covered by the claims. Through one or more of these operations an equivalent
mapping to the mapping of the constellations defined in the above mentioned groups is

achieved.

[0017] The foregoing paragraphs have been provided by way of general intro-
duction, and are not intended to limit the scope of the following claims. The described
embodiments, together with further advantages, will be best understood by reference to the

following detailed description taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A more complete appreciation of the disclosure and many of the at-
tendant advantages thereof will be readily obtained as the same becomes better understood
by reference to the following detailed description when considered in connection with the

accompanying drawings, wherein:

Fig. 1 shows a schematic diagram of an embodiment of a transmission apparatus

according to the present disclosure,

Fig. 2 shows a schematic diagram of an embodiment of a receiving apparatus

according to the present disclosure,

Fig. 3 shows a schematic diagram of an embodiment of a communications system

according to the present disclosure,
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Fig. 4 shows a diagram of an exemplary two-dimensional non-uniform constella-

tions according to the present disclosure for M=16,

Fig. 5 shows a diagram of an exemplary two-dimensional non-uniform constella-

tions according to the present disclosure for M=32,

Fig. 6 shows a diagram of an exemplary two-dimensional non-uniform constella-

tions according to the present disclosure for M=64, and

Fig. 7 shows a schematic diagram of another embodiment of a transmission appa-

ratus and a receiving apparatus according to the present disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0019] Recently, single carrier (SC) modulation becomes again attractive for
communication schemes and is considered in standards like DTMB and WLAN 802.11ad.
The reason behind comprises the advance in reasearch of efficient SC equalizer designs
and a higher power efficiency for power amplifiers which increases battery lifetime of
portable devices. The power efficiency is related to the peak-to-average power ratio
(PAPR), which is rather large for multicarrier (MC) communication schemes and difficult
to influence. In constrast, the PAPR in SC modulation is given by the peak power of the

transmitted constellation itself, i.e. the signal point with maximum magnitude bounds the

PAPR.

[0020] The power amplifier of a transmitter is required to have a linear
input/output characteristic. However, at a certain input power, the output power of an
amplifier saturates. Therefore, communications systems consider a power backoff which is
the ratio between saturation power of the amplifier Py, and average power of the transmit

signal Py, . It is defined as
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P
PB = 10 loglo (Psat>
avg

in logarithmic scale (dB). The higher the PAPR of a modulation scheme is, the greater Py
must be for operating the power amplifier in its linear region. The bit error probablity of a

communication scheme depends among other factors on Fyy,. Thus, for an amplifier with a
given Py, a large P causes Py, to be low and the bit error probability to be high. As this

in clearly undesired, a more powerful transmit amplifier with larger Pg,, is typically
selected. However, as the power consuption of an amplifier is directly related to its Psg,, a
more powerful amplifier results in a increased battery drain. Moreover, RF power is a
scarce good at very high frequencies such as 60 GHz, because power amplifiers are not as
efficient as in lower frequecies. Thus, it is desired to keep Py low. If Py, is assumed to be

fixed, the equation above implies that a lower Py directly relates to a higher Py, and thus

to a SNR gain or to a lower bit error probability, respectively.

[0021] In the following, NUCs as well as corresponding architectures of a
transmitting apparatus and a receiving apparatus will be explained which are preferably,
but not exclusively used in SC communication schemes. In addition to BICM capacity
(shaping gain) the peak power is an additional design element, and the overall SNR gain
compared to uniform constellations comprises two sources, namely shaping gain as well as

PAPR gain.

[0022]  Fig. 1 shows an embodiment of a transmission apparatus 10 according to
the present disclosure including an embodiment of a coding and modulation apparatus 20
according to the present disclosuren for use with SC modulation. The transmission appa-
ratus 10 comprises an FEC (forward error correction) encoder 11 for encoding the input
data by use of a coding algorithm, e.g. and LDPC (low density parity check) code, and a
certain code rate, which is the ratio of number of incoming and outgoing bits. The code
rate may depend on an MCS (modulation and coding scheme) index, which is generally

predetermined or selected.
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[0023] The transmission apparatus 10 further comprises a constellation mapper
12 (generally also called modulator), in particular a QAM (quadrature amplitude modula-
tion) mapper, that maps the encoded bits of the input data to complex symbols (also called
constellation points) in a constellation, in particular a QAM constellation. The modulation
order (i.e. the number N of constellations points of the constellation, which corresponds to
the number of bits mapped to a single QAM symbol) may also depend on the MCS index
and is variable as well. The constellation diagram depicts all possible signal points within a

complex plane.

[0024]  The transmission apparatus 10 further comprises an optional pi/2 rotation
unit 13 that introduces a pi/2 rotation, which improves the RF properties of the transmit
signal. The pi/2 rotation has no influence on the BICM performance and is therefore

generally not relevant to the NUC performance and optimization.

[0025]  The transmission apparatus 10 further comprises an RF processing unit
14 for RF processing like frequency up-conversion, power amplifier, transmit filters,
digital-to-analog conversion, etc., and a transmit unit 15 for transmitting the finally ob-
tained signals over a channel to a receiving apparatus. In other embodiments of the trans-
mission apparatus 10 additional elements may be provided, such as an input processing
unit, or other elements as e.g. conventionally used in a transmission apparatus of a system

in accordance with IEEE 802.11ad and 802.11ay.

[0026] The FEC encoder 11 and the constellation mapper (modulator) 12 are of-
ten summarized as BICM (bit-interleaved coded modulation) apparatus and represent the
coding and modulation apparatus 20 according to the present disclosure. The FEC encoder
11 generally encodes input data into cell words, preferably according to an LDPC code
(and optionally in accordance with a BCH code in addition). The modulator 12 generally
modulates said cell words into constellation values of a non-uniform constellation and
assigns bit combinations to constellation values of the used non-uniform constellation.

Generally, the output of the FEC encoder 11 is referred to as a codeword (e.g. a couple of

10
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hundred bits), which are then divided into “tuples” (of e.g. 4 bits in case of 16-QAM),
referred to also as cell words (of the codeword). These tuples (cell words) are then as-

signed to the constellations points by the modulator 12.

[0027] Based on the total number N of constellation points of the constellation
(i.e. the modulation order) and the code rate R, one of a selection of non-uniform constella-
tions of different groups is used. Details of those different groups of constellations will be
explained in more detail below. The constellations and the constellations values are
generally predetermined and e.g. stored in a constellations storage 16 or retrieved from an
external source. The total number N and the code rate R, which may optionally be indicat-
ed by MCS parameters, may also be stored in the constellations storage 16 or the external

source.

[0028]  Fig. 2 shows an embodiment of a corresponding receiving apparatus 30
according to the present disclosure including an embodiment of a decoding and demodula-
tion apparatus 40 according to the present disclosure. Basically, the same blocks of the
transmission apparatus are reversed. After reception by a receiving unit 31, RF processing
like frequency down-conversion, receive filtering, analog-to-digital conversion, etc. is
performed by an RF unit 32. An equalizer 33 reverses the effect of channel distortions and
forwards the equalized QAM symbols to the QAM demapper 34 (also called demodulator)
for QAM demapping. Finally, decoding, e.g. LDPC decoding, is performed in a FEC
decoder 35. In other embodiments of the receiving apparatus 30 additional elements may
be provided, such as an output processing unit and/or a deframing unit, or other elements
as e.g. conventionally used in a receiving apparatus of a system in accordance with IEEE

802.11ad and 802.11ay.

[0029] The QAM demapper 34 (demodulator) and the FEC decoder 35 are often
summarized as BICM demodulation apparatus and represent the decoding and demodula-
tion apparatus 40 according to the present disclosure. The demodulator 34 generally

demodulates received constellation values of a non-uniform constellation into cell words,

11
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whereby bit combinations are assigned to constellation values of the used non-uniform
constellation. In an embodiment, based on signalling information included in the received
data the receiving apparatus 30 knows which one of a selection of non-uniform constella-
tions of different groups has been used by the transmission apparatus 10 so that the receiv-
ing apparatus 30 can use the same non-uniform constellation for demodulation. The FEC
decoder 35 generally decodes the cell words into output words. Also in the receiving
apparatus 30 the constellations and the constellations values may be stored in a constella-

tions storage 36 or retrieved from an external source.

[0030] The demodulation and decoding may consider soft values as opposed to
hard decided values (0 and 1). Soft values represent the continuously distributed received
values (possibly after A/D conversion including quantization) by more than two states (as
in the case of binary (hard) decision). The reason is that for hard decision, the non-uniform
constellations are generally not optimal. Nowadays, BICM receivers typically are soft

receivers anyway.

[0031] Fig. 3 shows an embodiment of a communications system 50 according
to the present disclosure comprising one (or more) transmission apparatus 10a, 10b (Tx),
which may be a transmission apparatus 10 as shown in Fig. 1, and one or more receiving
apparatus 30a, 30b (Rx), which may be a receiving apparatus 30 as shown in Fig. 2. As an
example, the transmission apparatus 10a, which may be a WiFi access point or WiFi
router, communicates with a receiving apparatus 30a, which may be a user device like a
smartphone, laptop or tablet, via a bi-directional communication channel 51, for instance to
provide access to the internet to the receiving apparatus 30a. Both the transmission appa-
ratus 10a, 10b and the receiving apparatus 30a, 30b may use the ideas of the present

disclosure in said communication session.
[0032] Today’s systems in accordance with IEEE 802.11ad (WLAN, WiFi) gen-

erally use uniform constellations. Several Modulation and Coding Schemes (MCSs) are

often defined for use in such systems. According to the present disclosure, non-uniform

12
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constellations are proposed, which are optimized with respect to peak power and, optional-
ly, in addition with respect to coding and modulation capacity. One or more of these
constellations may be used in systems in accordance with IEEE 802.11, particularly in

accordance with versions like IEEE 802.11ad or upcoming versions such as IEEE

802.11ay.

[0033] The parameters of the basic MCSs for a transmitting apparatus are given
in IEEE 802.11ad. The MCS index as described above defines the QAM modulation order
(indicating the value of N) and the used code rate R. The receiver needs to know which
MCS index (or, alternatively, modulation order N and code rate R) is used at transmitter
side for correct decoding. Hence, in an embodiment the transmission apparatus 10 there-
fore signals the used MCS index (or, alternatively, which PHY mode, modulation order
and code rate R). This signalling may be done at the beginning of each transmitted frame.
For instance, this signalling information may be carried at the beginning of the frame in a
special signal field. An example of a field which may be used is the HEADER field. For
inserting such signalling information a tranmitter signalling unit 17 may be provided in the

transmisssion apparatus 10.

[0034] In another embodiment the transmission apparatus 10 may optionally
comprise a selection unit 18, shown with dashed lines in Fig. 1, which selects the MCS
index (or the respective parameters indicated by the MCS index) depending on the channel
conditions to the receiving apparatus 30. For bad channel conditions a small MCS index
(i.e. small N and/or small R) is selected (lower throughput but also smaller error probabil-
ity), for good channel conditions a higher MCS index (i.e. higher N and/or higher R) is

selected (higher throughput but also more prone to bit errors).

[0035] In other embodiments no such selection unit 18 is provided, but the

transmission apparatus 10 uses one of the disclosed non-uniform constellations.

13
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[0036] In an embodiment the receiving apparatus 30 may optionally comprise a
selection unit 37 as well, shown with dashed lines in Fig. 2, which selects the MCS index
(or the respective parameters indicated by the MCS index) depending on the signalling

information signalled by the transmission apparatus 10.

[0037] The NUC optimization for obtaining NUCs as used according to the
present disclosure is as follows: Let w; be a signal point of a constellation diagram. All w;
of a NUC are within the symbol vector W. The vector W has size N, i.e. there are N signal
points in total. Furthermore, the peak power P is defined as P = maxy,, {|w;|*} and the
average power P = 1/ N YN SHw;|? is set to unity (without loss of generality), i.e. P = 1.
The function cap(W,y) computes the BICM capacity of a symbol vector W which is a

function of the actual signal-to-noise ratio (SNR) y.

[0038]  First, the BICM capacity is maximized with a given constraint on the
peak power P. Thus, the resulting capacity is a function of the target peak power P; and y:

Copt(ﬁt,y) = mws}lx{cap(W, ¥)} with the constraints P = P, and P = 1.

[0039] In principle, Copt(ﬁt,y) can be determined for every desired P;. One

possibility is to select P, such that the overall gain for SC modulation is maximized. The
overall gain of peak power limited NUCs compared to uniform constellations (UCs)
comprises two sources, namely SNR gain due to shaping gain and SNR gain due to peak

power gain. In particular, the SNR gain due to shaping gain can be deduced from the
difference between BICM capacity of the NUC and UC, ie. AC = Copt(ﬁt, y) -
cap(Wyc,v) with Wy being the signal point vector of the UC. The SNR gain in turn is
determined by the function g(AC,y). It returns the SNR gain in dB and is given by

Y
o(AC,y) = 10 - logy, [zlogz(lo /1o+1)+AC _ 1] _y

wherein y is in dB.

14
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[0040] The SNR gain due to peak power gain is determined by the difference
between the peak power in dB of the UC and the NUC, i.e. Py, — P,. The reason behind
this equation is that the power backoff Py of the NUC can be selected by Py — P, lower
than for the UC. For a given amplifier, this results in an average power increase by

Pyc — P, and consequently in a SNR gain of the same amount.

[0041] Thus, the overall gain G is
G(P,v) = Pyc — Pr + g(AC,y)
which is maximized to get a peak power optimized NUC with maximum SNR gain for SC

operation:
W(y) = arg rr}sax{G(ﬁt,y)}
t

Obviously, the optimized NUC depends on the operating SNR y which is determined by
the properties of the FEC, e.g. that SNR value, where a certain bit/symbol/frame error rate

is achieved.

[0042] As an implementation example, peak power optimized NUCs are
disclosed for 802.11ay (next generation 60GHz WLAN). Those NUCs are adapted to the
particular LDPC code and code rates of WLAN. The target SNR y is determined at a target
FER of 1072 for a UC with same number of constellation points N. Table 1 gives an
overview of the considered modulation and coding schemes (MCS) and the corresponding
number for N, R and y. The column “opt. overall gain” gives the maximum overall gain

Gope () which can be achieved by the proposed NUCs. It is defined by
Gopt(y) = rr}saX{G(pt: V)}
t

The proposed NUCs achieve the target FER of 1072 at a SNR value of y — Gope (V).
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Table 1

PCT/EP2016/066190

A |16 172 8.2 1.45
B [ I6 5% T 10.1] 1.33
c | 16 3/4 11.8 1.37
D | 32| 12 11.0 111
E | 32 5/8 13.0 0.84
F [32| 3 | 1a3] @ 072
G | 32 13/16 16.0 0.69
' H 64| 12 | 129 1.83
I | 64 5/8 15.0 1.62
1 s am s e
K | 64 13/16 18.5 1.63

[0043]

given in Table 1 are given in the following. According to the present disclosure the modu-

The corresponding signal constellations and bit labelling for every MCS

lator 12 is configured to use, based on the total number N of constellation points of the
constellation and the code rate R, a predetermined non-uniform constellation and bit
labeling, wherein the constellation points are defined by a constellation position vector
W0. .. WN-1.
[0044] If N=16 (MCS = A ... C) a non-uniform constellation and exemplary bit
labeling is used from a group A1, wherein the constellation position vectors of the different
constellations of the group Al are defined as follows (an exemplary diagram showing the

corresponding constellation for MCS=C is depicted in Fig. 4):
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w bitlabel | MCS = A (or Bor C) MCS =B (or A or C) MCS =C(or A orB)
w0 0000 0,9236+0,3833i 0,2885+0,2883i 0,2989+0,3143i

wl 0001 0,9236+0,3833i 1,085+0,3172i 1,0877+0,29571

w2 0010 0,3833+0,9236i 0,3168+1,0851i 0,2979+1,0872i

w3 0011 0,3833+0,9236i 0,7973+0,8014i 0,8007+0,7934i

w4 0100 0,9236-0,3833i 0,2885-0,2883i 0,2989-0,3143i

w5 0101 0,9236-0,3833i 1,085-0,3172i 1,0877-0,29571

wb 0110 0,3833-0,9236i 0,3168-1,0851i 0,2979-1,0872i

w7 0111 0,3833-0,9236i 0,7973-0,8014i 0,8007-0,7934i

w3 1000 -0,9236+0,3833i -0,2885+0,28831 -0,2989+0,3143i

w9 1001 -0,9236+0,3833i -1,085+0,3172i -1,0877+0,29571
w10 1010 -0,3833+0,9236i -0,3168+1,0851i -0,2979+1,0872i
wll 1011 -0,3833+0,9236i -0,7973+0,8014i -0,8007+0,7934i
wl2 1100 -0,9236-0,3833i -0,2885-0,2883i -0,2989-0,3143i

wl3 1101 -0,9236-0,3833i -1,085-0,3172i -1,0877-0,29571

wl4 1110 -0,3833-0,9236i -0,3168-1,0851i -0,2979-1,0872i
w15 1111 -0,3833-0,9236i -0,7973-0,8014i -0,8007-0,7934i

[0045] If N=32 (MCS =D ... G) a non-uniform constellation and bit labeling is

used from a group B1, wherein the constellation position vectors of the different constella-

tions of the group B1 are defined as follows (an exemplary diagram showing the corre-

sponding constellation for MCS=G is depicted in Fig. 5):

w bitlabel | MCS =D (or E| MCS =E (or D MCS =F (or D| MCS = G (or D
or For G) or For G) or E or G) or E orF)

w0 00000 1,0304+0,444i 1,0971+0,18i 1,1563+0,2084i | 1,146+0,1942i

wl 00001 1,1103+0,16161 | 0,4907+0,2208i | 0,6667+0,2352i | 1,0305+0,53891

w2 00010 0,8946+0,67721 | 1,02+0,4423i 1,039+0,54841i 0,6951+0,233i

w3 00011 0,4346+0,20631 | 0,8817+0,6772i | 0,8367+0,8248i | 0,8267+0,81771

17




WO 2017/005874 PCT/EP2016/066190
w4 00100 0,4202+1,0404i | 0,18+1,0971i 0,2126+0,6666i | 0,2293+0,7058i
w5 00101 0,1661+1,1091i | 0,2211+0,4958i | 0,2344+0,23191 | 0,2086+1,144i
w6 00110 0,6736+0,8966i | 0,4431+1,0196i | 0,1868+1,161 0,2677+0,2828i
w7 00111 0,1981+0,4223i | 0,6778+0,8812i | 0,5438+1,04151 | 0,5548+1,0221i
w8 01000 1,0304-0,444i 1,0971-0,18i 1,1563-0,2084i 1,146-0,1942i
w9 01001 1,1103-0,1616i 0,4907-0,22081 | 0,6667-0,2352i 1,0305-0,5389i
w10 01010 0,8946-0,6772i 1,02-0,4423i 1,039-0,5484i 0,6951-0,233i
wll 01011 0,4346-0,20063i 0,8817-0,67721 | 0,8367-0,8248i | 0,8267-0,8177i
wl2 01100 0,4202-1,04041 0,18-1,0971i 0,2126-0,66661i | 0,2293-0,7058i
wl3 01101 0,1661-1,1091i 0,2211-0,4958i 0,2344-0,23191 0,2086-1,144i
wl4 01110 0,6736-0,8966i 0,4431-1,0196i | 0,1868-1,16i 0,2677-0,2828i
w15 01111 0,1981-0,4223i 0,6778-0,8812i 0,5438-1,04151 0,5548-1,0221i
w16 10000 -1,0304+0,444i -1,0971+0,18i -1,1563+0,2084i | -1,146+0,1942i
wl7 10001 -1,1103+0,1616i | -0,4907+0,2208i | -0,6667+0,2352i | -1,0305+0,5389i
wl8 10010 -0,8946+0,6772i | -1,02+0,4423i -1,039+0,54841 | -0,6951+0,233i
w19 10011 -0,4346+0,2063i | -0,8817+0,6772i | -0,8367+0,8248i | -0,8267+0,8177i
w20 10100 -0,4202+1,04041 | -0,18+1,0971i -0,2126+0,6666i1 | -0,2293+0,7058i
w21 10101 -0,1661+1,1091i | -0,2211+40,4958i | -0,2344+0,2319i | -0,2086+1,144i
w22 10110 -0,6736+0,8966i | -0,4431+1,0196i | -0,1868+1,16i -0,2677+0,2828i
w23 10111 -0,1981+0,4223i | -0,6778+0,8812i | -0,5438+1,0415i | -0,5548+1,0221i
w24 11000 -1,0304-0,444i -1,0971-0,18i -1,1563-0,2084i | -1,146-0,1942i
w25 11001 -1,1103-0,1616i | -0,4907-0,2208i | -0,6667-0,2352i | -1,0305-0,5389i
w26 11010 -0,8946-0,67721 | -1,02-0,4423i -1,039-0,5484i -0,6951-0,233i
w27 11011 -0,4346-0,2063i | -0,8817-0,6772i | -0,8367-0,8248i | -0,8267-0,8177i
w28 11100 -0,4202-1,0404i | -0,18-1,0971i -0,2126-0,6666i | -0,2293-0,7058i
w29 11101 -0,1661-1,1091i | -0,2211-0,4958i | -0,2344-0,23191 | -0,2086-1,144i
w30 11110 -0,6736-0,89661 | -0,4431-1,0196i | -0,1868-1,16i -0,2677-0,2828i
w3l 11111 -0,1981-0,4223i | -0,6778-0,8812i | -0,5438-1,04151 | -0,5548-1,0221i
[0046] If N=64 (MCS = H ... K) a non-uniform constellation and bit labeling is

used from a group C1, wherein the constellation position vectors of the different constella-
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tions of the group C1 are defined as follows (an exemplary diagram showing the corre-

sponding constellation for MCS=K is depicted in Fig. 6):

w bitlabel | MCS = H (or I | MCS =T (or H| MCS =J (or H| MCS =K (or H
or J or K) or J or K) or I or K) orlor])

w0 000000 | 0,2287+0,5143i | 0,1978+0,1981 1,0605+0,5953i | 0,873+0,8874i
wl 000001 | 0,2116+1,09181 | 0,1916+1,19851 | 0,17964+0,4943i | 1,0395+0,6848i
w2 000010 | 0,2828+0,55351 | 0,4969+0,1984i | 0,756240,4956i | 0,6726+1,0474i
w3 000011 | 0,214+1,08881 0,4757+1,11661 | 0,4954+0,51261 | 0,6771+0,6619i
w4 000100 | 0,6913+0,8711i | 0,1862+0,5083i | 1,15744+0,37351 | 1,2358+0,1495i1
w3 000101 | 0,461+1,012i 0,171+0,8428i 0,1887+0,18161 | 1,1669+0,4334i
wo6 000110 | 0,6929+0,86971 | 0,479+0,52571 0,8128+0,1991 0,8923+0,1387i
w7 000111 | 0,4624+1,0114i | 0,4272+0,82011 | 0,5012+0,183i 0,8067+0,4041
w3 001000 | 0,3191+0,20571 | 1,1727+0,31251 | 0,9378+0,77431 | 0,1465+1,2361i
w9 001001 1,0956+0,1876i | 1,2022+0,1671i | 0,1694+0,82361 | 0,1412+0,88991
w10 001010 | 0,5092+0,2494i | 0,7798+0,20351 | 0,791140,9225i | 0,4261+1,16951
wll 001011 1,093+0,20061 0,6806+1,00491 | 0,4477+0,7791 0,413+0,79551
wl2 001100 | 0,8876+0,671 1,0766+0,56041 | 1,2059+0,157i 0,1641+0,164i
wl3 001101 1,0256+0,42991 | 0,9914+0,7003i | 0,1661+1,20481 | 0,1442+0,51971
wl4 001110 | 0,8899+0,6666i | 0,7425+0,50681 | 0,6275+1,0418i | 0,5218+0,1427i
wl5 001111 1,0227+0,43681 | 0,8329+0,8826i | 0,4264+1,13881 | 0,4324+0,43391
w16 010000 | 0,2287-0,5143i | 0,1978-0,1981 1,0605-0,5953i 0,873-0,88741
w17 010001 | 0,2116-1,0918i | 0,1916-1,1985i 0,1796-0,4943i1 1,0395-0,6848i
wlg 010010 | 0,2828-0,55351 | 0,4969-0,1984i 0,7562-0,49561 0,6726-1,0474i
wl9 010011 | 0,214-1,0888i 0,4757-1,1166i 0,4954-0,5126i 0,6771-0,66191
w20 010100 | 0,6913-0,8711i | 0,1862-0,5083i 1,1574-0,37351 1,2358-0,14951
w21 010101 | 0,461-1,012i 0,171-0,8428i 0,1887-0,1816i 1,1669-0,4334i
w22 010110 | 0,6929-0,8697i | 0,479-0,5257i 0,8128-0,1991 0,8923-0,13871
w23 010111 | 0,4624-1,01141 | 0,4272-0,8201i 0,5012-0,183i 0,8067-0,404i
w24 011000 | 0,3191-0,20571 1,1727-0,31251 0,9378-0,7743i 0,1465-1,2361i
w25 011001 1,0956-0,1876i 1,2022-0,1671i 0,1694-0,82361 0,1412-0,88991
w26 011010 | 0,5092-0,2494i | 0,7798-0,20351 0,7911-0,9225i 0,4261-1,1695i
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w27 011011 1,093-0,20061 0,6806-1,00491 | 0,4477-0,7791 0,413-0,79551
w28 011100 | 0,8876-0,67i 1,0766-0,5604i 1,2059-0,1571 0,1641-0,164i
w29 011101 1,0256-0,4299i | 0,9914-0,70031 | 0,1661-1,2048i | 0,1442-0,5197i
w30 011110 | 0,8899-0,6666i | 0,7425-0,5068i | 0,6275-1,04181 | 0,5218-0,1427i
w3l 011111 1,0227-0,4368i | 0,8329-0,88261 | 0,4264-1,1388i | 0,4324-0,4339i
w32 100000 | -0,228740,5143i | -0,1978+0,198i | -1,0605+0,5953i | -0,87340,8874i
w33 100001 | -0,2116+1,0918i | -0,1916+1,19851 | -0,1796+0,4943i | -1,0395+0,6848i
w34 100010 | -0,282840,55351 | -0,4969+0,1984i | -0,7562+0,49561 | -0,6726+1,0474i
w35 100011 | -0,214+1,0888i | -0,4757+1,11661 | -0,4954+0,5126i | -0,6771+0,6619i
w36 100100 | -0,6913+0,8711i | -0,1862+0,5083i | -1,1574+0,37351 | -1,2358+0,1495i1
w37 100101 | -0,461+1,012i -0,17140,84281i | -0,1887+0,18161 | -1,1669+0,4334i
w38 100110 | -0,6929+0,8697i | -0,479+0,5257i | -0,8128+0,1991 | -0,8923+0,1387i
w39 100111 | -0,4624+1,0114i | -0,4272+0,8201i | -0,5012+0,183i | -0,8067+0,4041
w40 101000 | -0,319140,2057i | -1,172740,31251 | -0,9378+0,7743i | -0,1465+1,2361i
w4l 101001 | -1,0956+0,1876i | -1,2022+0,1671i | -0,1694+0,8236i | -0,1412+0,8899i
w42 101010 | -0,509240,2494i | -0,7798+0,20351 | -0,7911+0,92251 | -0,4261+1,1695i1
w43 101011 | -1,093+0,2006i | -0,6806+1,00491 | -0,4477+0,7791 | -0,41340,79551
w4 101100 | -0,8876+0,67i -1,0766+0,5604i | -1,2059+0,1571 | -0,1641+0,164i
w45 101101 | -1,02564+0,4299i | -0,9914+0,7003i | -0,1661+1,2048i | -0,1442+0,5197i
w46 101110 | -0,8899+0,6666i | -0,7425+0,50681 | -0,6275+1,0418i | -0,5218+0,1427i
w47 101111 | -1,022740,43681 | -0,8329+0,88261 | -0,4264+1,1388i | -0,4324+0,4339i
w48 110000 | -0,2287-0,5143i | -0,1978-0,198i -1,0605-0,59531 | -0,873-0,8874i
w49 110001 | -0,2116-1,0918i | -0,1916-1,19851 | -0,1796-0,4943i | -1,0395-0,6848i
w30 110010 | -0,2828-0,55351 | -0,4969-0,1984i | -0,7562-0,49561 | -0,6726-1,0474i
wsl 110011 | -0,214-1,08881 -0,4757-1,11661 | -0,4954-0,5126i | -0,6771-0,66191
w32 110100 | -0,6913-0,8711i | -0,1862-0,50831 | -1,1574-0,37351 | -1,2358-0,1495i
w53 110101 | -0,461-1,012i -0,171-0,8428i -0,1887-0,18161 | -1,1669-0,4334i
w4 110110 | -0,6929-0,86971 | -0,479-0,52571 -0,8128-0,1991 -0,8923-0,13871
w55 110111 | -0,4624-1,0114i | -0,4272-0,82011 | -0,5012-0,183i -0,8067-0,404i
w56 111000 | -0,3191-0,20571 | -1,1727-0,31251 | -0,9378-0,7743i | -0,1465-1,2361i
w57 111001 | -1,0956-0,18761 | -1,2022-0,1671i | -0,1694-0,8236i | -0,1412-0,8899i
w58 111010 | -0,5092-0,2494i | -0,7798-0,20351 | -0,7911-0,9225i | -0,4261-1,1695i
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w59 111011 -1,093-0,2006i -0,6806-1,0049i | -0,4477-0,779i -0,413-0,79551
w60 111100 | -0,8876-0,67i -1,0766-0,5604i | -1,2059-0,157i -0,1641-0,164i
w61 111101 -1,0256-0,4299i | -0,9914-0,7003i | -0,1661-1,2048i | -0,1442-0,5197i
w62 111110 | -0,8899-0,6666i | -0,7425-0,50681 | -0,6275-1,04181i | -0,5218-0,1427i
w63 111111 -1,0227-0,4368i | -0,8329-0,8826i | -0,4264-1,1388i | -0,4324-0,4339i
[0047] It should be noted that the MCS index in Table 1 is not related to the

MCS index in the published 802.11ad amendment. Further, the same NUC may be used for
different MCS indices (e.g. the constellation points defined for MCS A may be used for
both MCS A and MCS B to reduce the overall number of NUCs), in particular for different

code rates.

[0048]

constellation points of the constellation and the code rate R based on channel conditions

The selection unit 18 may be configured to select the total number N of

between a transmission apparatus including said coding and modulation apparatus and a
receiving apparatus with which said transmission apparatus seeks to communicate. The
selection unit 18 may select a constellation with a higher number of N and/or a higher code

rate R the better the channel conditions are.

[0049]

corresponding bit label. It should be noted, however, that bit positions may be inverted, i.e.

The NUC:s are fully described by the complex valued signal point and the

the bits of any bit position of the bit labeling may be flipped, resulting in the same
performance. This particularly means that not less than all bit labels of the constellation
points may be inverted. Further, a column-wise inversion of bit labels is possbile, so that
e.g. the first bit of all constellation points can be inverted. An example for colum-wise
inversion of the first bit (which affects all bit labels) would be:

w0 00-> 10

wl 01> 11

w2 10 - 00
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w3 11 2> 01

[0050] Moreover, the bit labeling is exemplary in the sense that bit positions
may be interchanged. An interchange of bit positions may be beneficial for optimizing the
NUC:s to a particular FEC scheme. Furthermore, an optional predistortion unit may map
the amplitude levels of the given NUC signal points to different amplitude levels. This can
be beneficial when power amplifiers with non-linear transfer characteristic (beside a

maximum output power) are applied.

[0051] The signal points are represented with 4 decimal places in the above
tables. It should be noted that the given complex values may also be rounded, e.g. to 3
decimal places, or extended, e.g. to 5 decimal places, which shall be understood to be
covered by the claims as well. In particular, rounding in binary number may be made, i.e.

rounding to integer multiples of 27" value with n being an integer number.

[0052] Table 2 summarizes the parameters of alternative NUCs, which have
been optimized to have a target PAPR of 2.77dB for N=64 (referred to by MCS indices H’
to K”).

Table 2

64 12 12.9 1.19
r | 64 5/8 15.0 1.24
T |64 3/4 1120 11F
K | 64 13/16 185 1.07

[0053] The corresponding signal constellations and bit labelling for every MCS

given in Table 2 are given in the following. A non-uniform constellation and bit labeling is
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used from a group C2, wherein the constellation position vectors of the different constella-

tions of the group C2 are defined as follows:

w bit MCS = H° MCS = I (or | MCS = J¢ (or H’ | MCS = K* (or
label I¢ or J¢ or K¢) H¢ or J¢ or K°) or I or K¢) H’ or I or J)
w0 000000 | 0,1298+0,2084i 0,3328+0,16651 0,9596+0,43581 1,022+0,45361
wl 000001 | 0,1883+1,3627i 0,5435+1,26091 0,1328+0,5092i 0,1374+0,4738i
w2 000010 | 0,217+0,4464i 0,1217+0,1744i 0,6561+0,45431 0,6985+0,44991
w3 000011 | 0,1269+0,764i 0,1904+1,3623i 0,3855+0,49091 0,413+0,4891i
w4 000100 | 0,7986+1,12i 0,3528+0,4894i 0,9773+0,14831 1,0021+0,1484i
w5 000101 | 0,4538+1,1748i 0,4073+0,84781 0,1256+0,1724i 0,1339+0,15751
wo6 000110 | 0,4822+0,6563i 0,1288+0,5124i 0,6457+0,15121 0,6852+0,14971
w7 000111 | 0,3148+0,8326i 0,1465+0,89351 0,3703+0,1633i 0,4014+0,16051
w8 001000 | 0,2328+0,1185i1 0,5998+0,15051 1,2035+0,66631 1,147+0,7594i
w9 001001 | 1,3637+0,1808i 0,8781+1,05891 0,1492+0,86111i 0,1479+0,80491
wl0 | 001010 | 0,4762+0,20451 0,9411+0,1492i 0,7306+0,7613i1 0,7571+0,75951
wll [ 001011 | 0,827+0,1328i 1,3582+0,218i 0,4377+0,8492i 0,4503+0,84381
wl2 | 001100 | 1,0652+0,8657i 0,6339+0,45451 1,3574+0,2231i 1,3596+0,20951
wl3 | 001101 | 1,262+0,5438i 0,7138+0,7632i 0,1858+1,2632i 0,1659+1,1736i
wl4 | 001110 | 0,6765+0,4967i 0,9294+0,41891 0,9009+1,03961 0,841+1,08851
wl5 | 001111 | 0,8548+0,3591i 1,1995+0,6617i 0,5564+1,2461i 0,5064+1,2593i
wl6 | 010000 | 0,1298-0,2084i 0,3328-0,16651 0,9596-0,43581 1,022-0,4536i
wl7 | 010001 | 0,1883-1,3627i 0,5435-1,26091 0,1328-0,5092i 0,1374-0,4738i
wlg | 010010 | 0,217-0,4464i 0,1217-0,1744i 0,6561-0,4543i1 0,6985-0,44991
w19 | 010011 | 0,1269-0,764i 0,1904-1,3623i 0,3855-0,49091 0,413-0,4891i
w20 | 010100 | 0,7986-1,12i 0,3528-0,4894i 0,9773-0,1483i 1,0021-0,1484i
w21 [ 010101 | 0,4538-1,1748i 0,4073-0,8478i 0,1256-0,1724i 0,1339-0,1575i1
w22 | 010110 | 0,4822-0,6563i 0,1288-0,5124i 0,6457-0,1512i 0,6852-0,1497i
w23 | 010111 | 0,3148-0,8326i 0,1465-0,8935i1 0,3703-0,1633i 0,4014-0,16051
w24 | 011000 | 0,2328-0,1185i 0,5998-0,15051 1,2035-0,66631 1,147-0,7594i
w25 | 011001 | 1,3637-0,1808i 0,8781-1,05891 0,1492-0,8611i 0,1479-0,80491
w26 [ 011010 | 0,4762-0,2045i 0,9411-0,1492i 0,7306-0,7613i 0,7571-0,75951
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w27 | 011011 | 0,827-0,1328i 1,3582-0,218i 0,4377-0,8492i 0,4503-0,84381
w28 | 011100 | 1,0652-0,8657i 0,6339-0,45451 1,3574-0,2231i 1,3596-0,20951
w29 | 011101 | 1,262-0,5438i 0,7138-0,7632i 0,1858-1,2632i 0,1659-1,1736i
w30 | 011110 | 0,6765-0,4967i 0,9294-0,4189%1 0,9009-1,0396i 0,841-1,08851
w3l [ 011111 | 0,8548-0,3591i 1,1995-0,6617i 0,5564-1,2461i 0,5064-1,2593i
w32 | 100000 | -0,1298+40,2084i -0,3328+0,16651 | -0,9596+0,43581 | -1,022+0,4536i
w33 100001 | -0,1883+1,3627i -0,5435+1,26091 | -0,1328+0,5092i | -0,1374+0,4738i
w34 | 100010 | -0,217+0,4464i -0,1217+0,17441 | -0,6561+0,45431 | -0,6985+0,44991
w35 100011 | -0,1269+0,764i -0,1904+1,36231 | -0,3855+0,49091 | -0,413+0,4891i
w36 | 100100 | -0,7986+1,12i -0,352840,48941 | -0,9773+0,14831 | -1,002140,1484i
w37 | 100101 | -0,4538+1,1748i -0,4073+0,84781 | -0,1256+0,1724i | -0,1339+40,15751
w38 100110 | -0,4822+0,6563i -0,1288+0,5124i | -0,6457+0,15121 | -0,6852+40,14971
w39 | 100111 | -0,3148+0,8326i -0,1465+0,89351 | -0,3703+0,1633i | -0,4014+40,16051
w40 | 101000 | -0,2328+40,11851 -0,5998+0,15051 | -1,2035+0,6663i | -1,147+0,7594i
w4l 101001 | -1,3637+0,18081 -0,8781+1,05891 | -0,1492+0,8611i | -0,1479+0,80491
w42 | 101010 | -0,4762+0,20451 -0,9411+0,1492i | -0,7306+0,7613i | -0,757140,75951
w43 101011 | -0,827+0,1328i -1,358240,2181 -0,43774+0,84921 | -0,4503+0,8438i
w44 | 101100 | -1,0652+0,8657i -0,6339+0,45451 | -1,3574+0,2231i | -1,3596+40,20951
w45 101101 | -1,262+0,5438i -0,7138+0,76321 | -0,1858+1,2632i | -0,1659+1,1736i
w46 | 101110 | -0,6765+0,49671 -0,9294+0,41891 | -0,9009+1,0396i | -0,841+1,08851
w47 | 101111 | -0,8548+40,3591i -1,1995+0,66171 | -0,5564+1,2461i | -0,5064+1,2593i
w48 110000 | -0,1298-0,20841 -0,3328-0,16651 | -0,9596-0,4358i -1,022-0,4536i
w49 | 110001 | -0,1883-1,3627i -0,5435-1,26091 | -0,1328-0,50921 -0,1374-0,47381
w50 | 110010 | -0,217-0,4464i -0,1217-0,1744i | -0,6561-0,4543i -0,6985-0,44991
wsl 110011 | -0,1269-0,764i -0,1904-1,3623i | -0,3855-0,49091 -0,413-0,48911
w52 | 110100 | -0,7986-1,12i -0,3528-0,48941 | -0,9773-0,1483i1 -1,0021-0,14841
w53 110101 | -0,4538-1,1748i -0,4073-0,84781i | -0,1256-0,1724i -0,1339-0,15751
w54 | 110110 | -0,4822-0,65631 -0,1288-0,5124i | -0,6457-0,1512i -0,6852-0,14971
w55 110111 | -0,3148-0,83261 -0,1465-0,89351 | -0,3703-0,1633i -0,4014-0,16051
w56 | 111000 | -0,2328-0,11851 -0,5998-0,15051 | -1,2035-0,6663i1 -1,147-0,75941
w57 | 111001 | -1,3637-0,18081i -0,8781-1,05891 | -0,1492-0,8611i -0,1479-0,80491
w58 111010 | -0,4762-0,20451 -0,9411-0,1492i | -0,7306-0,7613i -0,7571-0,75951
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-0,827-0,1328i

-1,3582-0,218i

-0,4377-0,8492i1

-0,4503-0,84381

-1,0652-0,86571

-0,6339-0,45451

-1,3574-0,2231i

-1,3596-0,20951

-1,262-0,5438i

-0,7138-0,7632i

-0,1858-1,2632i

-0,1659-1,1736i

-0,6765-0,49671

-0,9294-0,4189%1

-0,9009-1,0396i1

-0,841-1,08851

-0,8548-0,35911

-1,1995-0,66171

-0,5564-1,2461i

-0,5064-1,2593i

w59 111011
w60 111100
wol 111101
w62 111110
w63 111111

[0054]

These NUCs have been designed with P, = 2.77dB. Thus, they have not

been optimized for optimum P,, i.e. maximization of G(ﬁt,y) with respect to P, has not

been performed. Therefore, the overall gain G (ﬁt, y) is lower in this case as can be clearly

seen when comparing Table 1 and Table 2.

[0055]

Table 3 summarizes the parameters of alternative NUCs, which have

been optimized to have a shaping gain of 0 dB for N=16, 32 or 64 (referred to by MCS
indices A’ to K’”),

Table 3

A7 | 16

2

8.2

0.71
B” | 16 5/8 101 0.55
c’ | 16 3/4 11.8 0.35
D |2 12 11.0 0.98
E’ | 32 5/8 13.0 0.76
P 3 sm L gl Be0
G’ | 32 13/16 16.0 0.52
WW 1.60
I’ | 64 5/8 15.0 1.58
77 | 64 3/4 - 1.46
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K” | 64 13/16 18.5 1.55

[0056]

is used from a group A3, wherein the constellation position vectors of the different constel-

If N=16 MCS = A”’ ... C”’) a non-uniform constellation and bit labeling

lations of the group A3 are defined as follows:

w bit label MCS =A” (or B” | MCS = B” (or A” | MCS = C” (or A”
or C”) or C”’) or B”)

w0 0000 0,8429+0,2537i 0,4349+0,1989i 0,9963+0,2925i

wl 0001 0,9864+0,7471i 1,1973+0,4119i 0,9109+0,91001

w2 0010 0,2155+0,3413i 0,2573+0,7061i 0,3034+0,3034i

w3 0011 0,3772+1,1785i 0,6759+1,0707i 0,2925+0,9963i

w4 0100 0,8429-0,2537i 0,4349-0,1989i 0,9963-0,29251

w5 0101 0,9864-0,7471i 1,1973-0,4119i 0,9109-0,9109i1

w6 0110 0,2155-0,3413i 0,2573-0,7061i 0,3034-0,3034i

w7 0111 0,3772-1,17851 0,6759-1,0707i 0,2925-0,9963i

w8 1000 -0,8429+0,25371 -0,4349+0,19891 -0,9963+0,29251

w9 1001 -0,9864+0,7471i -1,1973+0,4119i -0,9109+0,91091
w10 1010 -0,2155+0,3413i -0,2573+0,7061i -0,3034+0,3034i

wll 1011 -0,3772+1,17851 -0,6759+1,07071 -0,2925+0,9963i
wl2 1100 -0,8429-0,25371 -0,4349-0,1989i -0,9963-0,2925i

wl3 1101 -0,9864-0,7471i -1,1973-0,4119i -0,9109-0,91091

wl4 1110 -0,2155-0,3413i -0,2573-0,7061i -0,3034-0,3034i

w15 1111 -0,3772-1,17851 -0,6759-1,0707i -0,2925-0,9963i

[0057] If N=32 (MCS =D’ ... G’) a non-uniform constellation and bit labeling

is used from a group B3, wherein the constellation position vectors of the different constel-

lations of the group B3 are defined as follows:
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w bit MCS = D” (or | MCS = E” (or | MCS=F" (or D” | MCS = G” (or
label E”orF’orG”) |D” or F”’ or|orE”orG”) D” or E” or
G”) F”)
w0 | 00000 0,6588+0,23351 0,6258+0,171i 0,7734+0,1898i 0,2229+0,22431
wl | 00001 1,152+0,1943i 1,1753+0,2181i | 1,1905+0,2491i 0,7488+0,18871
w2 | 00010 0,8934+0,75271 0,221940,22161 | 0,6881+0,5652i 0,6173+1,06471
w3 | 00011 1,0419+0,5284i 1,0354+0,59751 | 0,9811+0,7188i 1,2067+0,242i
w4 | 00100 0,2537+0,30061 0,1925+1,17981 | 0,2475+0,2277i 0,2183+0,71251
w5 | 00101 0,1583+0,71271 0,5389+1,0671 0,2041+1,1991 0,6249+0,5473i
w6 | 00110 0,6045+0,99971 0,2194+0,62071 | 0,2562+0,6908i 0,2129+1,2121i
w7 | 00111 0,25+1,1412i 0,7778+0,85231 | 0,6044+1,0554i 1,0247+0,68151
w8 | 01000 0,6588-0,23351 0,6258-0,171i 0,7734-0,1898i 0,2229-0,2243i
w9 | 01001 1,152-0,1943i 1,1753-0,2181i 1,1905-0,2491i 0,7488-0,1887i
wl0 | 01010 0,8934-0,7527i 0,2219-0,2216i 0,6881-0,5652i 0,6173-1,0647i
wll | 01011 1,0419-0,5284i 1,0354-0,5975i 0,9811-0,7188i 1,2067-0,242i
wl2 | 01100 0,2537-0,30061 0,1925-1,1798i 0,2475-0,22771 0,2183-0,7125i
wl3 | 01101 0,1583-0,71271 0,5389-1,067i 0,2041-1,199i 0,6249-0,5473i
wl4 | 01110 0,6045-0,9997i 0,2194-0,62071 0,2562-0,6908i 0,2129-1,2121i
wls | 01111 0,25-1,1412i 0,7778-0,8523i 0,6044-1,0554i 1,0247-0,68151
wl6 | 10000 -0,6588+0,23351 -0,6258+0,171i -0,7734+0,1898i -0,2229+0,2243i
wl7 | 10001 -1,152+0,1943i -1,1753+0,2181i | -1,1905+0,2491i -0,7488+0,18871
wl8 | 10010 -0,8934+0,75271 -0,2219+0,22161 | -0,6881+0,56521 -0,6173+1,0647i
w19 | 10011 -1,0419+0,5284i -1,0354+0,59751 | -0,9811+0,71881 -1,2067+0,242i
w20 | 10100 -0,2537+0,30061 -0,1925+1,1798i | -0,2475+0,22771 -0,2183+0,7125i1
w21 | 10101 -0,1583+0,7127i -0,5389+1,0671 -0,2041+1,1991 -0,6249+0,5473i
w22 | 10110 -0,6045+0,99971 -0,2194+0,6207i | -0,2562+0,69081 -0,2129+1,2121i
w23 | 10111 -0,25+1,1412i -0,7778+0,85231 | -0,6044+1,05541 -1,0247+0,6815i1
w24 | 11000 -0,6588-0,23351 -0,6258-0,171i -0,7734-0,1898i -0,2229-0,2243i
w25 | 11001 -1,152-0,1943i -1,1753-0,2181i | -1,1905-0,2491i -0,7488-0,1887i
w26 | 11010 -0,8934-0,75271 -0,2219-0,2216i | -0,6881-0,5652i -0,6173-1,06471
w27 | 11011 -1,0419-0,5284i -1,0354-0,59751 | -0,9811-0,7188i -1,2067-0,242i
w28 | 11100 -0,2537-0,3006i1 -0,1925-1,17981 | -0,2475-0,2277i -0,2183-0,7125i
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w29 | 11101 -0,1583-0,7127i -0,5389-1,007i -0,2041-1,1991 -0,6249-0,5473i

w30 [ 11110 -0,6045-0,99971 -0,2194-0,6207i -0,2562-0,6908i -0,2129-1,21211

w3l | 11111 -0,25-1,1412i -0,7778-0,85231 -0,6044-1,0554i -1,0247-0,6815i1
[0058] If N=64 (MCS =H"’ ... K’’) a non-uniform constellation and bit labeling

is used from a group C3, wherein the constellation position vectors of the different constel-

lations of the group C3 are defined as follows:

w bitlabel | MCS = H” (or | MCS = I” (or | MCS = J” (or | MCS = K” (or
IorJ”orK”) |H”orJ”orK”) | H” orI”’ or K’’) | H” or I’ or J”’)
w0 000000 1,0569+0,70891 0,8757+0,92471 0,937+0,8841i 1,1723+0,5141i
wl 000001 1,0841+0,6678i 1,045+0,7281 1,1063+0,66011 0,1476+0,5364i
w2 000010 | 0,819+0,9734i 0,7024+1,06231 0,7126+1,07291 0,7669+0,45731
w3 000011 0,7389+0,713i 0,6854+0,67481 0,649+0,70771 0,4449+0,48291
w4 000100 1,2554+0,2142i 1,2615+0,17461 1,2781+0,1604i 1,004+0,174i
w5 000101 1,2348+0,31031 1,1831+0,47061 1,0791+0,3764i 0,1371+0,1864i
wo6 000110 | 0,7562+0,1721i 0,8301+0,1381i 0,7714+0,1301i 0,7139+0,1521i
w7 000111 0,7451+0,3181i 0,7748+0,39781 0,7335+0,42681 0,4208+0,1616i
w8 001000 | 0,2187+1,2529i 0,1636+1,263i 0,1553+1,2788i 1,0216+0,771i
w9 001001 0,1608+0,8472i 0,1378+0,8233i 0,1327+0,87281 0,1431+0,90831
wl0 | 001010 | 0,5502+1,1466i 0,446+1,1929i 0,4463+1,2084i 0,7237+0,7521i
wll | 001011 0,4217+0,78271 0,3922+0,7613i 0,3935+0,81561 0,4251+0,8248i
wl2 | 001100 | 0,1479+0,171 0,1453+0,1451i 0,1358+0,16261 1,2711+0,15751
wl3 | 001101 0,1574+0,47091 0,1295+0,44291 0,1371+0,50041 0,162+1,2706i
wl4 | 001110 | 0,3867+0,16951 0,4504+0,14261 0,427+0,1484i 0,7403+1,045i1
wl5 | 001111 0,3923+0,4332i 0,4124+0,42071 0,406+0,4481i 0,4693+1,19171
wl6 | 010000 1,0569-0,70891 0,8757-0,9247i 0,937-0,88411 1,1723-0,5141i
wl7 | 010001 1,0841-0,6678i 1,045-0,728i 1,1063-0,6601i 0,1476-0,5364i
wl8 | 010010 | 0,819-0,9734i 0,7024-1,0623i 0,7126-1,0729i 0,7669-0,4573i
w19 | 010011 0,7389-0,713i 0,6854-0,67481 0,649-0,70771 0,4449-0,4829i
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w20 | 010100 1,2554-0,2142i 1,2615-0,1746i 1,2781-0,1604i 1,004-0,174i
w21 | 010101 1,2348-0,31031 1,1831-0,47061 1,0791-0,3764i 0,1371-0,1864i
w22 | 010110 | 0,7562-0,1721i 0,8301-0,1381i 0,7714-0,1301i 0,7139-0,1521i
w23 | 010111 0,7451-0,31811 0,7748-0,3978i 0,7335-0,42681 0,4208-0,1616i
w24 | 011000 | 0,2187-1,2529i 0,1636-1,263i 0,1553-1,2788i 1,0216-0,771i
w25 | 011001 0,1608-0,8472i 0,1378-0,8233i 0,1327-0,8728i 0,1431-0,9083i1
w26 | 011010 | 0,5502-1,1466i 0,446-1,19291 0,4463-1,2084i 0,7237-0,7521i
w27 | 011011 0,4217-0,78271 0,3922-0,7613i 0,3935-0,8156i 0,4251-0,8248i
w28 | 011100 | 0,1479-0,171 0,1453-0,1451i 0,1358-0,1626i 1,2711-0,1575i
w29 | 011101 0,1574-0,47091 0,1295-0,4429i1 0,1371-0,50041 0,162-1,2706i
w30 | 011110 | 0,3867-0,16951 0,4504-0,14261 0,427-0,14841 0,7403-1,0451
w3l | 011111 0,3923-0,43321 0,4124-0,42071 0,406-0,44811 0,4693-1,1917i
w32 | 100000 -1,0569+0,70891 -0,8757+0,92471 | -0,937+0,88411 -1,1723+0,5141i
w33 | 100001 -1,0841+0,66781 -1,045+0,7281 -1,1063+0,6601i | -0,1476+0,5364i
w34 | 100010 -0,819+0,9734i -0,7024+1,06231 | -0,7126+1,07291 | -0,7669+0,4573i
w35 | 100011 -0,7389+0,7131 -0,6854+0,67481 | -0,649+0,70771 -0,4449+0,48291
w36 | 100100 -1,255440,2142i -1,2615+0,17461 | -1,2781+0,1604i | -1,004+0,174i
w37 | 100101 -1,234840,3103i1 -1,1831+0,47061 | -1,079140,3764i | -0,1371+0,1864i
w38 | 100110 -0,7562+0,1721i -0,8301+0,1381i | -0,7714+0,1301i | -0,7139+0,1521i
w39 | 100111 -0,745140,3181i -0,7748+0,39781 | -0,7335+0,4268i | -0,4208+0,1616i
w40 | 101000 -0,2187+1,2529i1 -0,1636+1,263i -0,1553+1,27881 | -1,0216+0,771i
w4l | 101001 -0,1608+0,8472i -0,137840,82331 | -0,1327+0,87281i | -0,1431+0,90831
w42 | 101010 -0,5502+1,14661 -0,446+1,1929i -0,4463+1,20841 | -0,7237+0,7521i
w43 | 101011 -0,421740,78271 -0,3922+0,7613i | -0,3935+0,8156i | -0,4251+0,8248i
w44 | 101100 -0,1479+0,171 -0,1453+0,14511 | -0,1358+0,1626i | -1,2711+0,15751
w45 | 101101 -0,157440,47091 -0,1295+0,44291 | -0,1371+0,5004i | -0,162+1,2706i
w46 | 101110 -0,3867+0,16951 -0,4504+0,14261 | -0,427+0,1484i -0,7403+1,0451
w47 | 101111 -0,3923+0,4332i -0,4124+0,42071 | -0,406+0,4481i -0,4693+1,1917i
w48 | 110000 -1,0569-0,70891 -0,8757-0,92471 -0,937-0,8841i -1,1723-0,5141i
w49 | 110001 -1,0841-0,6678i -1,045-0,7281 -1,1063-0,66011 -0,1476-0,5364i
w50 | 110010 -0,819-0,9734i -0,7024-1,0623i1 -0,7126-1,07291 -0,7669-0,4573i
w51 | 110011 -0,7389-0,7131 -0,6854-0,67481 -0,649-0,7077i -0,4449-0,48291

29




WO 2017/005874

PCT/EP2016/066190

w52 | 110100 -1,2554-0,2142i -1,2615-0,1746i -1,2781-0,1604i -1,004-0,174i
w53 | 110101 -1,2348-0,3103i -1,1831-0,47061 -1,0791-0,3764i -0,1371-0,1864i
w54 | 110110 -0,7562-0,1721i -0,8301-0,1381i -0,7714-0,1301i -0,7139-0,1521i
w55 | 110111 -0,7451-0,3181i -0,7748-0,3978i -0,7335-0,4268i1 -0,4208-0,1616i
w56 | 111000 -0,2187-1,2529i -0,1636-1,263i -0,1553-1,2788i -1,0216-0,771i
w57 | 111001 -0,1608-0,8472i -0,1378-0,8233i -0,1327-0,8728i -0,1431-0,9083i
w58 | 111010 -0,5502-1,1466i -0,446-1,1929i -0,4463-1,2084i -0,7237-0,7521i
w59 | 111011 -0,4217-0,78271 -0,3922-0,7613i -0,3935-0,8156i -0,4251-0,8248i
w60 | 111100 -0,1479-0,171 -0,1453-0,1451i -0,1358-0,1626i -1,2711-0,15751
wol 111101 -0,1574-0,47091 -0,1295-0,4429i -0,1371-0,5004i -0,162-1,2706i
w62 | 111110 -0,3867-0,1695i -0,4504-0,1426i -0,427-0,1484i -0,7403-1,0451
w63 | 111111 -0,3923-0,4332i -0,4124-0,42071 -0,406-0,4481i -0,4693-1,1917i
[0059] These NUCs have been designed with C,p, (ﬁt, y) = cap(Wye¢,y) with

minimal P,. The overall gain G(ﬁt,y) is determined by the peak power gain only, i.e.

G(ﬁt, y) = Pyc — P;, and is therefore lower as in Table 1.

[0060]

lation points and bit labelling. The constellation points, i.e., coordinates in the complex

As shown above, two-dimensional NUCs are proposed including constel-

plane, use the notation according to which a first column defines the w vector and the
second column describes the bit labelling of the constellation points in the following

columns (for different MCS indices), wherein i=sqrt(-1) is the imaginary unit.

[0061] It shall be noted that the same NUCs may be used for different MCS in-
dices (e.g. the constellation points defined for MCS A might be used for MCS indices A, B
and C to reduce the overall number of NUCs), in particular for different code rates R.
Hence, it is indicated in the tables for the NUCs for which MCS indices (representing a
code rate R and a modulation order N) or for which code rates R the respective constella-

tions points and bit labels are used. If there are two or more MCS indices or code rates R
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indicated, it may be predetermined for which MCS index / code rate R the constellations
points and bit labels shall be used by a particular communication system or by particular
devices. Further, it shall be noted that bit positions might be inverted, i.e. the bits of any bit

position of the bit labeling might be flipped, resulting in the same performance.

[0062] It shall further be noted that groups Al and A3 of NUC tables for N=16
may be summarized as group A, that groups B1 and B3 of NUC tables for N=32 may be
summarized as group B and that groups C1, C2 and C3 of NUC tables for N=64 may be

summarized as group C.

[0063] The optimization of NUCs taking PAPR into consideration is a new de-
sign criterion for obtaining NUCs as disclosed herein. Power amplifier non-linearity is
considered as an impairment on the physical layer (PHY impairment). In real system
implementations there may be further sources of such PHY impairments. Fig. 7 shows a
schematic diagram of another embodiment of a transmission apparatus 10’ and a receiving
apparatus 30’ according to the present disclosure making use of the determination of PHY

impairments on the receiver side and forming part of a system 50°.

[0064] The transmission apparatus 10° is similar to the transmission apparatus
10 shown in Fig. 1, but the units 13, 14 and 15 are commonly referred to as frontend 19 in
Fig. 7. Similarly, in the receiving apparatus 30’ the units 31 and 32 are commonly referred

to as frontend 38.

[0065] The system 50’ supports a set of constellation points for one or more
different PHY impairments or different levels of PHY impairments. The receiving
apparatus 30’ comprises an evaluation unit 39 to perform measurements, channel
estimation, and/or analysis of the PHY impairments at the receiving apparatus 30’. Based
on said evaluation the evaluation unit 39 determines signalling information, which

indicates to the transmission apparatus 10° which constellation set should be used. For
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instance, the evaluation unit 39 estimates the PHY impairments and selects the

constellation set which gives the best performance in terms of bit error rate (BER).

[0066] In one embodiment the subset (meaning a particular vector which defines
the constellation out of a set of different constellation vectors, e.g. the constellation for
MCS A in table 1) is denoted by the set of constellation vectors W; (where i is the subset
index). Based on the evaluation of the PHY impairments at the receiving apparatus 30’, a
constellation index i may be selected by a selection unit 37 which is fed back to the
transmission apparatus 10° by a receiver signalling unit 71 via some form of signalling.
This signalling information may be contained in management messages which are
exchanged between the receiving apparatus and the transmission apparatus. The signalling
information is received by a reception signalling unit 61 of the transmission apparatus 10
and used to select the indicated constellation from the storage 16 storing the different
constellation vectors. These vectors are also in the receiving apparatus 30°. Hence, based
on the selected index, the QAM mapper 12 and the QAM demapper 34 are fed with the
constellation vector W; corresponding to the index i. Alternatively, the constellation vector
W; can even be transmitted directly from the receiving apparatus 30’ to the transmission
apparatus 10’. Basically, this signalling information can be considered as a generalization

of the MCS index (where the code rate of the FEC defines the constellation vector).

[0067] In another embodiment the receiving apparatus 30’ may define a
constellation W which minimizes BER for the actual PHY impairment. W may then be
transferred to the transmission apparatus 10’ which uses this constellation for data
transmission to this particular receiving apparatus 30’. In this case transmission apparatus

10” and receiving apparatus 30 require no predefined constellation set.

[0068]  Generally, in an embodiment disclosed transmission apparatus comprises
a coding and modulation apparatus (20 in Figs. 1 and 30) as disclosed herein for encoding
and modulating input data into constellation values, a converter (14 in Fig. 1, 19 in Fig. 7)

for converting said constellation values into one or more transmission streams to be
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transmitted, and a transmitter (15 in Fig. 1, 19 in Fig. 7) for transmitting said one or more

transmission streams.

[0069] Further, a disclosed receiving apparatus generally comprises a receiver
(31 in Fig. 2, 38 in Fig. 7) for receiving one or more transmission streams, a deconverter
(32 in Fig. 2, 38 in Fig. 7) for deconverting one or more transmission streams into said
constellation values, and a receiver signalling unit (71 in Fig. 7) for transmitting receiver
signalling information to a transmission apparatus with which said receiving apparatus
seeks to communicate. Said receiver signalling information may include one or more of a)
the total number N of constellation points and the code rate R of a constellation to be used,
b) an indication of the constellation to be used, c) constellation points of a constellation to
be used, d) channel conditions of a communications channel between the receiving appa-
ratus and a transmission apparatus with which said receiving apparatus seeks to communi-

cate and e) PHY impairments at the receiving apparatus.

[0070] Said receiving apparatus may further comprise a demodulation and de-
coding apparatus (40 in Fig. 2, 40’ in Fig. 7) as disclosed herein for demodulating and

decoding said constellation values into output data.

[0071] Obviously, numerous modifications and variations of the present disclo-
sure are possible in light of the above teachings. It is therefore to be understood that within
the scope of the appended claims, the disclosure may be practiced otherwise than as
specifically described herein (e.g., if the NUC position vectors are rounded to a smaller

number of digits).

[0072]  Thus, the foregoing discussion discloses and describes merely exemplary
embodiments of the present disclosure. As will be understood by those skilled in the art,
the present disclosure may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. Accordingly, the disclosure of the present disclo-

sure is intended to be illustrative, but not limiting of the scope of the disclosure, as well as
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other claims. The disclosure, including any readily discernible variants of the teachings
herein, defines, in part, the scope of the foregoing claim terminology such that no inventive

subject matter is dedicated to the public.

[0073] In the claims, the word "comprising" does not exclude other elements or
steps, and the indefinite article "a" or "an" does not exclude a plurality. A single element or
other unit may fulfill the functions of several items recited in the claims. The mere fact that
certain measures are recited in mutually different dependent claims does not indicate that a

combination of these measures cannot be used to advantage.

[0074] In so far as embodiments of the disclosure have been described as being
implemented, at least in part, by software-controlled data processing apparatus, it will be
appreciated that a non-transitory machine-readable medium carrying such software, such
as an optical disk, a magnetic disk, semiconductor memory or the like, is also considered to
represent an embodiment of the present disclosure. Further, such a software may also be
distributed in other forms, such as via the Internet or other wired or wireless telecommuni-

cation systems.

[0075] The elements of the disclosed devices, apparatus and systems may be
implemented by corresponding hardware and/or software elements, for instance appropri-
ated circuits. A circuit is a structural assemblage of electronic components including
conventional circuit elements, integrated circuits including application specific integrated
circuits, standard integrated circuits, application specific standard products, and field
programmable gate arrays. Further a circuit includes central processing units, graphics
processing units, and microprocessors which are programmed or configured according to
software code. A circuit does not include pure software, although a circuit includes the

above-described hardware executing software.

[0076] It follows a list of further embodiments of the disclosed subject matter:

1. A coding and modulation apparatus comprising
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- an encoder configured to encode input data into cell words according to a low

density parity check code, LDPC, and

- a modulator configured to modulate said cell words into constellation values of a

non-uniform constellation and to assign bit combinations to constellation values of the

used non-uniform constellation,

wherein said modulator is configured to use, based on the total number N of constellation

points of the constellation and the code rate R,

1) a non-uniform constellation and bit labeling from a group A if N = 16, or

ii) a non-uniform constellation and bit labeling from a group B if N =32, or

i) a non-uniform constellation and bit labeling from a group C if N = 64, or

iv) a non-uniform constellation and bit labeling obtained from a constellation from
anyone of groups A, B or C through rotation by an angle around the origin, through
inversion of bit labels for all constellation points, through interchanging of bit posi-
tions, through mirroring on any line in the complex plane and/or through predistor-
tion for the constellation points,

wherein the constellation points are defined by a constellation position vector wo...wn.1,

and wherein the constellation position vectors of the different constellations of the groups

A, B or C of constellations are defined as follows:

A) 16-QAM non-uniform constellations of group Al or A3 as disclosed herein;

B) 32-QAM non-uniform constellations of group B1, B2 or B3 as disclosed herein;

C) 64-QAM non-uniform constellations of group C1 or C3 as disclosed herein.

wherein the bit labeling indicated in groups A, B and C may alternatively be inverted for

one or more bit labels.

2. A coding and modulation apparatus as defined in any one of the preceding embod-
iments,

further comprising a selection unit configured to select the total number N of constellation
points of the constellation and the code rate R based on channel conditions of a communi-

cations channel between a transmission apparatus including said coding and modulation
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apparatus and a receiving apparatus with which said transmission apparatus seeks to

communicate.

3. A coding and modulation apparatus as defined in embodiment 2,
wherein said selection unit is configured to select a constellation with a higher number of

N and/or a higher code rate the better the channel conditions are.

4. A coding and modulation apparatus as defined in embodiment 2 or 3,
wherein said selection unit is configured to select a constellation based on the desired

signal-to-noise ratio.

5. A coding and modulation apparatus as defined in any one of the preceding embod-
iments,

further comprising a reception unit configured to receive receiver signalling information
including one or more of a) the total number N of constellation points and the code rate R
of a constellation to be used, b) an indication of the constellation to be used, ¢) constella-
tion points of a constellation to be used, d) channel conditions of a communications
channel between a transmission apparatus including said coding and modulation apparatus
and a receiving apparatus with which said transmission apparatus seeks to communicate,

and e) PHY impairments at the receiving apparatus.

6. A coding and modulation apparatus as defined in any one of the preceding embod-
iments,
wherein said coding and modulation apparatus is configured for use in a transmission

apparatus according to IEEE 802.11.
7. A coding and modulation method comprising

- encoding input data into cell words according to a low density parity check code,

LDPC, and

36



WO 2017/005874 PCT/EP2016/066190

- modulating said cell words into constellation values of a non-uniform constellation

and to assign bit combinations to constellation values of the used non-uniform constella-

tion,

wherein said modulating is configured to use, based on the total number N of constellation

points of the constellation and the code rate R,

1) a non-uniform constellation and bit labeling from a group A if N = 16, or

ii) a non-uniform constellation and bit labeling from a group B if N =32, or

i) a non-uniform constellation and bit labeling from a group C if N = 64, or

iv) a non-uniform constellation obtained from a constellation from anyone of groups A,
B or C through rotation by an angle around the origin, through inversion of bit la-
bels for all constellation points, through interchanging of bit positions, through mir-
roring on any line in the complex plane and/or through predistortion for the constel-
lation points,

wherein the constellation points are defined by a constellation position vector wy...wn.y,

and wherein the constellation position vectors of the different constellations of the groups

A, B or C of constellations are defined as follows:

A) 16-QAM non-uniform constellations of group Al or A3 as disclosed herein;

B) 32-QAM non-uniform constellations of group B1, B2 or B3 as disclosed herein;

C) 64-QAM non-uniform constellations of group C1 or C3 as disclosed herein.

wherein the bit labeling indicated in groups A, B and C may alternatively be inverted for

one or more bit labels.

8. A transmission apparatus comprising:

- a coding and modulation apparatus as defined in any one of the preceding embodi-
ments configured to encode and modulate input data into constellation values,

- a converter configured to convert said constellation values into one or more trans-
mission streams to be transmitted, and

- a transmitter configured to transmit said one or more transmission streams.

9. A transmission apparatus as defined in embodiment 8§,
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further comprising a transmitter signalling unit configured to embed transmitter signalling
information into the one or more transmission streams, said transmitter signalling infor-
mation including one or more of a) the total number N of constellation points and the code
rate R of a constellation used, b) an indication of the constellation used, and ¢) constella-

tion points of a constellation used.

10. A transmission apparatus as defined in embodiment 9,

wherein said modulation unit is configured to select using a uniform constellation instead
of one of said non-uniform constellations for modulating said cell words into constellation
values, and

wherein said transmitter signalling unit is configured to embed transmitter signalling
information into the one or more transmission streams, said transmitter signalling infor-
mation including constellation information indicating if a non-uniform constellation or a

uniform constellation has been used for modulation.

11. A transmission apparatus as defined in embodiment 9 or 10,
wherein said transmitter signalling unit is configured to embed said transmitter signalling
information at the beginning of frames of a plurality of frames used for transmission of the

one or more transmission streams.

12. A transmission method comprising:

- a coding and modulation method as defined in embodiment 7 that encodes and
modulates input data into constellation values,

- converting said constellation values into one or more transmission streams to be
transmitted, and

- transmitting said one or more transmission streams.

13. A transmission apparatus as defined in of the the embodiments 9 to 12,
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wherein said transmitter signalling unit is configured to embed said transmitter signalling
information at the beginning of each frame of a plurality of frames used for transmission of

the one or more transmission streams.

14. A transmission apparatus as defined in one of the embodiments 9 to 13,
wherein said transmitter signalling unit is configured to embed said transmitter signalling

information into a Header field.

15. A demodulation and decoding apparatus comprising:

- a demodulator configured to demodulate constellation values of a non-uniform

constellation into cell words and to assign bit combinations to constellation values of the

used non-uniform constellation, and

- a decoder configured to decode cell words into output data according to a low

density parity check code, LDPC,

wherein said demodulator is configured to use, based on signalling information indicating

the total number N of constellation points of the constellation and the code rate R,

1) a non-uniform constellation and bit labeling from a group A if N = 16, or

ii) a non-uniform constellation and bit labeling from a group B if N =32, or

i) a non-uniform constellation and bit labeling from a group C if N = 64, or

iv) a non-uniform constellation obtained from a constellation from anyone of groups A,
B or C through rotation by an angle around the origin, through inversion of bit la-
bels for all constellation points, through interchanging of bit positions, through mir-
roring on any line in the complex plane and/or through predistortion for the constel-
lation points,

wherein the constellation points are defined by a constellation position vector wo...wn.1,

and wherein the constellation position vectors of the different constellations of the groups

A, B or C of constellations are defined as follows:

A) 16-QAM non-uniform constellations of group Al or A3 as disclosed herein;

B) 32-QAM non-uniform constellations of group B1, B2 or B3 as disclosed herein;

C) 64-QAM non-uniform constellations of group C1 or C3 as disclosed herein.
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wherein the bit labeling indicated in groups A, B and C may alternatively be inverted for

one or more bit labels.

16. A demodulation and decoding method comprising:

- demodulating constellation values of a non-uniform constellation into cell words

and assigning bit combinations to constellation values of the used non-uniform constella-

tion, and

- decoding cell words into output data according to a low density parity check code,

LDPC,

wherein said demodulating is configured to use, based on signalling information indicating

the total number N of constellation points of the constellation and the code rate R,

1) a non-uniform constellation and bit labeling from a group A if N = 16, or

ii) a non-uniform constellation and bit labeling from a group B if N =32, or

i) a non-uniform constellation and bit labeling from a group C if N = 64, or

iv) a non-uniform constellation obtained from a constellation from anyone of groups A,
B or C through rotation by an angle around the origin, through inversion of bit la-
bels for all constellation points, through interchanging of bit positions, through mir-
roring on any line in the complex plane and/or through predistortion for the constel-
lation points,

wherein the constellation points are defined by a constellation position vector wo...wn.1,

and wherein the constellation position vectors of the different constellations of the groups

A, B or C of constellations are defined as follows:

A) 16-QAM non-uniform constellations of group Al or A3 as disclosed herein;

B) 32-QAM non-uniform constellations of group B1, B2 or B3 as disclosed herein;

C) 64-QAM non-uniform constellations of group C1 or C3 as disclosed herein.

wherein the bit labeling indicated in groups A, B and C may alternatively be inverted for

one or more bit labels.

17.  Receiving apparatus comprising:

- a receiver configured to receive one or more transmission streams,
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- a deconverter configured to deconvert one or more transmission streams into said
constellation values, and

- a receiver signalling unit configured to transmit receiver signalling information to a
transmission apparatus with which said receiving apparatus seeks to communicate, said
receiver signalling information including one or more of a) the total number N of constella-
tion points and the code rate R of a constellation to be used, b) an indication of the constel-
lation to be used, c) constellation points of a constellation to be used, d) channel conditions
of a communications channel between the receiving apparatus and a transmission appa-
ratus with which said receiving apparatus seeks to communicate and €) PHY impairments

at the receiving apparatus.

18.  Receiving apparatus as defined in embodiment 17,

further comprising an evaluation unit configured to analyse channel conditions of a
communications channel between the receiving apparatus and a transmission apparatus
with which said receiving apparatus seeks to communicate and/or PHY impairments at the
receiving apparatus and to determine said signalling information based on the analysed

channel conditions and/or PHY impairments.

19.  Receiving apparatus as defined in embodiment 17 or 18,
further comprising a demodulation and decoding apparatus as defined in embodiment 15

configured to demodulate and decode said constellation values into output data.

20. A receiving apparatus as defined in one of embodiments 17 to 19,
wherein said receiver signalling unit is configured to transmit said receiver signalling

information by use of management messages.
21.  Receiving method comprising:

- receiving one or more transmission streams,

- deconverting one or more transmission streams into said constellation values, and
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- transmitting receiver signalling information to a transmission apparatus with which
the receiving method seeks to communicate, said receiver signalling information including
one or more of a) the total number N of constellation points and the code rate R of a
constellation to be used, b) an indication of the constellation to be used, ¢) constellation
points of a constellation to be used, and d) channel conditions of a communications
channel between the receiving apparatus and a transmission apparatus with which said

receiving method seeks to communicate.

22. A non-transitory computer-readable recording medium that stores therein a com-
puter program product, which, when executed by a processor, causes the method according

to embodiment 7 or 16 to be performed.

23. A communications system comprising one or more transmission apparatus as
defined in embodiment 1 and one or more receiving apparatus as defined in embodiment

17.

24. A computer program comprising program code means for causing a computer to
perform the steps of said method according to embodiment 7 or 16 when said computer

program is carried out on a computer.
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CLAIMS

1. A coding and modulation apparatus comprising

- an encoder configured to encode input data into cell words according to a low

density parity check code, LDPC, and

- a modulator configured to modulate said cell words into constellation values of a

non-uniform constellation and to assign bit combinations to constellation values of the

used non-uniform constellation,

wherein said modulator is configured to use, based on the total number N of constellation

points of the constellation and the code rate R,

1) a non-uniform constellation and bit labeling from a group A if N = 16, or

ii) a non-uniform constellation and bit labeling from a group B if N =32, or

i) a non-uniform constellation and bit labeling from a group C if N = 64, or

iv) a non-uniform constellation obtained from a constellation from anyone of groups A,
B or C through rotation by an angle around the origin, through inversion of bit la-
bels for all constellation points, through interchanging of bit positions, through mir-
roring on any line in the complex plane and/or through predistortion for the constel-
lation points,

wherein the constellation points are defined by a constellation position vector wy...wn.y,

and wherein the constellation position vectors of the different constellations of the groups

A, B or C of constellations are defined as follows:

A) 16-QAM non-uniform constellations of

group Al:

w bit label R =1/2 (or 5/8 or 3/4) R =5/8 (or 1/2 or 3/4) R =3/4 (or 1/2 or 5/8)
w0 0000 0,9236+0,3833i 0,2885+0,2883i 0,2989+0,3143i

wl 0001 0,9236+0,3833i 1,085+0,3172i 1,0877+0,2957i
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w2 0010 0,3833+0,9236i 0,3168+1,0851i 0,2979+1,0872i
w3 0011 0,3833+0,9236i 0,7973+0,8014i 0,8007+0,7934i
w4 0100 0,9236-0,3833i 0,2885-0,2883i 0,2989-0,3143i
w5 0101 0,9236-0,3833i 1,085-0,3172i 1,0877-0,29571
w0 0110 0,3833-0,9236i 0,3168-1,0851i 0,2979-1,0872i
w7 0111 0,3833-0,9236i 0,7973-0,8014i 0,8007-0,7934i
w8 1000 -0,9236+0,3833i -0,2885+0,2883i -0,2989+0,3143i
w9 1001 -0,9236+0,3833i -1,085+0,3172i -1,0877+0,2957i
w10 1010 -0,3833+0,9236i -0,3168+1,0851i -0,2979+1,0872i
wll 1011 -0,3833+0,9236i -0,7973+0,80144 -0,8007+0,7934i
wil2 1100 -0,9236-0,3833i -0,2885-0,28831 -0,2989-0,3143i
wl3 1101 -0,9236-0,3833i -1,085-0,3172i -1,0877-0,2957i
wl4 1110 -0,3833-0,9236i -0,3168-1,0851i -0,2979-1,0872i
wl5 1111 -0,3833-0,9236i -0,7973-0,8014i -0,8007-0,7934i
or group A3:

w bit label R=1/2(or 5/8or 3/4) | R=5/8 (or 1/2 or 3/4) | R=3/4 (or 1/2 or 5/8)
w0 0000 0,8429+0,2537i 0,4349+0,1989i 0,9963+0,2925i
wl 0001 0,9864+0,7471i 1,1973+0,4119i 0,9109+0,9109i
w2 0010 0,2155+0,3413i 0,2573+0,7061i 0,3034+0,3034i
w3 0011 0,3772+1,1785i 0,6759+1,0707i 0,2925+0,9963i
w4 0100 0,8429-0,2537i 0,4349-0,19891 0,9963-0,29251
w5 0101 0,9864-0,7471i 1,1973-0,4119i 0,9109-0,91091
w0 0110 0,2155-0,3413i 0,2573-0,7061i 0,3034-0,3034i
w7 0111 0,3772-1,1785i 0,6759-1,0707i 0,2925-0,9963i
w8 1000 -0,8429+0,25371 -0,4349+0,1989i -0,9963+0,2925i1
w9 1001 -0,9864+0,7471i -1,1973+0,4119i -0,9109+0,9109i
wl0 | 1010 -0,2155+0,3413i -0,2573+0,7061i -0,3034+0,3034i
wll 1011 -0,3772+1,1785i -0,6759+1,07071 -0,2925+0,9963i
wl2 | 1100 -0,8429-0,2537i -0,4349-0,19891 -0,9963-0,2925i1
wl3 | 1101 -0,9864-0,7471i -1,1973-0,4119i -0,9109-0,91091

44




WO 2017/005874

PCT/EP2016/066190

wl4

1110

-0,2155-0,34131

-0,2573-0,7061i

-0,3034-0,30341

w15

1111

-0,3772-1,17851

-0,6759-1,07071

-0,2925-0,9963i

B) 32-QAM non-uniform constellations of

group Bl:
w bitlabel | R=1/2 (or5/8or | R = 5/8 (or 12 | R = 3/4 (or 1/2 | R =13/16 (or 12
3/4 or 13/16) or 3/4 or 13/16) or 5/8 or 13/16) or 5/8 or 3/4)
w0 00000 1,0304+0,4441 1,097140,18i 1,1563+0,2084i | 1,146+0,1942i
wl 00001 1,1103+0,1616i | 0,4907+0,2208i | 0,6667+0,2352i | 1,0305+0,53891
w2 00010 0,8946+0,6772i | 1,02+0,4423i 1,039+0,54841 0,6951+0,233i
w3 00011 0,4346+0,2063i | 0,88174+0,6772i | 0,8367+0,8248i | 0,8267+0,8177i
w4 00100 0,4202+1,04041 | 0,18+1,09711 0,2126+0,6666i | 0,2293+0,70581
w3 00101 0,1661+1,1091i | 0,22114+0,4958i | 0,2344+0,23191 | 0,2086+1,144i
wo6 00110 0,6736+0,8966i | 0,4431+1,0196i | 0,1868+1,16i 0,2677+0,2828i
w7 00111 0,19814+0,4223i | 0,6778+0,8812i | 0,5438+1,04151 | 0,5548+1,0221i
w3 01000 1,0304-0,444i 1,0971-0,181 1,1563-0,2084i 1,146-0,1942i
w9 01001 1,1103-0,16161 | 0,4907-0,22081 | 0,6667-0,2352i | 1,0305-0,5389i
w10 01010 0,8946-0,6772i 1,02-0,44231 1,039-0,5484i 0,6951-0,233i
wll 01011 0,4346-0,20631 | 0,8817-0,67721 | 0,8367-0,82481 | 0,8267-0,8177i
wl2 01100 0,4202-1,0404i | 0,18-1,0971i 0,2126-0,66661 | 0,2293-0,7058i
wl3 01101 0,1661-1,1091i | 0,2211-0,49581 | 0,2344-0,23191 | 0,2086-1,144i
wl4 01110 0,6736-0,89661 | 0,4431-1,0196i | 0,1868-1,16i 0,2677-0,2828i
wls 01111 0,1981-0,42231 | 0,6778-0,8812i | 0,5438-1,04151 | 0,5548-1,0221i
w16 10000 -1,03044+0,4441 | -1,097140,181 -1,1563+0,20841 | -1,14640,1942i
wl7 10001 -1,1103+0,1616i | -0,49074+0,22081 | -0,6667+0,2352i | -1,0305+0,5389i
wlg 10010 -0,8946+0,67721 | -1,02+0,4423i -1,03940,5484i | -0,6951+0,233i
wl9 10011 -0,4346+0,20631 | -0,88174+0,6772i | -0,8367+0,82481 | -0,8267+0,8177i
w20 10100 -0,4202+1,0404i | -0,18+1,0971i -0,2126+0,66661 | -0,2293+0,70581
w2l 10101 -0,1661+1,1091i | -0,22114+0,4958i1 | -0,2344+0,2319i | -0,2086+1,144i
w22 10110 -0,6736+0,8966i | -0,4431+1,0196i | -0,1868+1,16i -0,2677+0,28281
w23 10111 -0,1981+0,4223i | -0,6778+0,8812i | -0,5438+1,04151 | -0,5548+1,0221i
w24 11000 -1,0304-0,444i -1,0971-0,181 -1,1563-0,2084i | -1,146-0,1942i
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w25 11001 -1,1103-0,1616i | -0,4907-0,2208i | -0,6667-0,2352i | -1,0305-0,5389i
w26 11010 -0,8946-0,67721 | -1,02-0,4423i -1,039-0,5484i -0,6951-0,233i
w27 11011 -0,4346-0,20631 | -0,8817-0,6772i | -0,8367-0,8248i | -0,8267-0,8177i
w28 11100 -0,4202-1,0404i | -0,18-1,0971i -0,2126-0,6666i | -0,2293-0,7058i
w29 11101 -0,1661-1,1091i | -0,2211-0,4958i | -0,2344-0,23191 | -0,2086-1,144i
w30 11110 -0,6736-0,8966i | -0,4431-1,0196i | -0,1868-1,16i -0,2677-0,2828i
w31 11111 -0,1981-0,42231 | -0,6778-0,8812i | -0,5438-1,04151 | -0,5548-1,0221i
or group B3:
w bit R=1/2(or 5/8or | R = 5/8 (or 1/2 | R=3/4 (or 1/2 or | R = 13/16 (or
label 3/4 or 13/16) or 3/4 or 13/16) | 5/8 or 13/16) 1/2 or 5/8 or
3/4)
w0 | 00000 | 0,6588+0,2335i 0,6258+0,171i 0,7734+0,1898i 0,2229+0,2243i
wl | 00001 1,152+0,1943i 1,1753+0,2181i | 1,1905+0,2491i 0,7488+0,1887i
w2 | 00010 | 0,8934+0,7527i 0,2219+0,2216i | 0,6881+0,5652i 0,6173+1,0647i
w3 | 00011 1,0419+0,5284i 1,0354+0,59751 | 0,9811+0,7188i 1,2067+0,242i
w4 | 00100 | 0,2537+0,30061 0,1925+1,1798i | 0,2475+0,2277i 0,2183+0,7125i
w5 | 00101 0,1583+0,7127i 0,5389+1,0671 0,2041+1,199i 0,6249+0,5473i
w6 | 00110 | 0,6045+0,9997i 0,2194+0,6207i | 0,2562+0,6908i 0,2129+1,2121i
w7 | 00111 0,25+1,1412i 0,7778+0,8523i | 0,6044+1,0554i 1,0247+0,6815i1
w8 | 01000 | 0,6588-0,2335i 0,6258-0,171i 0,7734-0,1898i 0,2229-0,2243i
w9 | 01001 1,152-0,1943i 1,1753-0,2181i 1,1905-0,2491i 0,7488-0,1887i
wl0 | 01010 | 0,8934-0,7527i 0,2219-0,2216i 0,6881-0,5652i 0,6173-1,0647i
wll | 01011 1,0419-0,5284i 1,0354-0,59751 0,9811-0,7188i 1,2067-0,242i
wl2 | 01100 | 0,2537-0,3006i 0,1925-1,1798i 0,2475-0,22771 0,2183-0,7125i1
w13 | 01101 0,1583-0,7127i 0,5389-1,067i 0,2041-1,199i 0,6249-0,5473i
wl4 | 01110 | 0,6045-0,9997i 0,2194-0,6207i 0,2562-0,69081 0,2129-1,2121i
wl5 | 01111 0,25-1,1412i 0,7778-0,8523i 0,6044-1,0554i 1,0247-0,68151
w16 | 10000 -0,6588+0,2335i -0,6258+0,171i -0,7734+0,1898i -0,2229+0,2243i
w17 | 10001 -1,152+0,1943i -1,1753+0,2181i | -1,1905+0,2491i -0,7488+0,1887i
wl8 | 10010 -0,8934+0,7527i -0,2219+0,2216i | -0,6881+0,5652i -0,6173+1,0647i
w19 | 10011 -1,0419+0,5284i -1,0354+0,59751 | -0,9811+0,7188i -1,2067+0,242i
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w20 | 10100 -0,2537+0,30061 -0,1925+1,17981 | -0,2475+0,2277i -0,2183+0,71251
w21 | 10101 -0,1583+0,71271 -0,5389+1,0671 -0,2041+1,199i -0,6249+0,5473i1
w22 | 10110 -0,6045+0,99971 -0,2194+0,6207i | -0,2562+0,69081 -0,2129+1,2121i
w23 | 10111 -0,25+1,1412i -0,7778+0,85231 | -0,6044+1,05541 -1,0247+0,68151
w24 | 11000 -0,6588-0,23351 -0,6258-0,171i -0,7734-0,18981 -0,2229-0,2243i
w25 | 11001 -1,152-0,1943i -1,1753-0,2181i | -1,1905-0,2491i -0,7488-0,18871
w26 | 11010 -0,8934-0,75271 -0,2219-0,2216i | -0,6881-0,5652i -0,6173-1,06471
w27 | 11011 -1,0419-0,5284i -1,0354-0,59751 | -0,9811-0,7188i -1,2067-0,242i

w28 | 11100 -0,2537-0,3006i1 -0,1925-1,17981 | -0,2475-0,22771 -0,2183-0,7125i
w29 | 11101 -0,1583-0,71271 -0,5389-1,0671 -0,2041-1,1991 -0,6249-0,5473i
w30 | 11110 -0,6045-0,99971 -0,2194-0,62071 | -0,2562-0,6908i -0,2129-1,2121i
w31 | 11111 -0,25-1,1412i -0,7778-0,85231 | -0,6044-1,0554i -1,0247-0,68151

C) 64-QAM non-uniform constellations of

group Cl:
w bitlabel | R = 1/2 (or 5/8 | R = 5/8 (or 172 | R = 3/4 (or 1/2 | R =13/16 (or 1/2
or 3/4 or 13/16) or 3/4 or 13/16) or 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 | 0,2287+0,5143i | 0,1978+0,1981 1,0605+0,5953i | 0,873+0,8874i
wl 000001 | 0,2116+1,09181 | 0,1916+1,19851 | 0,17964+0,4943i | 1,0395+0,6848i
w2 000010 | 0,2828+0,55351 | 0,4969+0,1984i | 0,756240,4956i | 0,6726+1,0474i
w3 000011 | 0,214+1,08881 0,4757+1,11661 | 0,4954+0,51261i | 0,6771+0,66191
w4 000100 | 0,6913+0,8711i | 0,1862+0,5083i | 1,15744+0,37351 | 1,2358+0,1495i1
w3 000101 | 0,461+1,012i 0,171+0,84281 0,1887+0,1816i | 1,1669+0,4334i
wo6 000110 | 0,6929+0,86971 | 0,479+0,52571 0,8128+0,1991 0,8923+0,13871
w7 000111 | 0,4624+1,0114i | 0,4272+0,8201i | 0,5012+40,183i 0,8067+0,4041
w3 001000 | 0,3191+0,20571 | 1,1727+0,31251 | 0,9378+0,7743i | 0,1465+1,2361i
w9 001001 1,0956+0,1876i | 1,2022+0,1671i | 0,1694+0,82361 | 0,1412+0,88991
w10 001010 | 0,5092+0,2494i | 0,7798+0,20351 | 0,791140,9225i | 0,4261+1,16951
wll 001011 1,093+0,20061 0,6806+1,00491 | 0,4477+0,7791 0,413+0,79551
wl2 001100 | 0,8876+0,671 1,0766+0,5604i | 1,2059+0,157i 0,1641+0,164i
wl3 001101 1,0256+0,42991 | 0,9914+0,7003i | 0,1661+1,20481 | 0,1442+0,5197i
wl4 001110 | 0,8899+0,6666i | 0,7425+0,50681 | 0,6275+1,0418i | 0,5218+0,1427i
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wls 001111 1,0227+0,43681 | 0,8329+0,88261 | 0,4264+1,1388i | 0,4324+0,43391
w16 010000 | 0,2287-0,5143i | 0,1978-0,1981 1,0605-0,59531 | 0,873-0,8874i
wl7 010001 | 0,2116-1,0918i | 0,1916-1,1985i | 0,1796-0,4943i 1,0395-0,6848i
wlg 010010 | 0,2828-0,55351 | 0,4969-0,1984i | 0,7562-0,49561 | 0,6726-1,0474i
wl9 010011 | 0,214-1,0888i 0,4757-1,1166i | 0,4954-0,51261 | 0,6771-0,66191
w20 010100 | 0,6913-0,8711i | 0,1862-0,5083i 1,1574-0,37351 1,2358-0,14951
w2l 010101 | 0,461-1,012i 0,171-0,84281 0,1887-0,1816i 1,1669-0,4334i
w22 010110 | 0,6929-0,8697i | 0,479-0,5257i 0,8128-0,1991 0,8923-0,13871
w23 010111 | 0,4624-1,0114i | 0,4272-0,8201i | 0,5012-0,183i 0,8067-0,404i
w24 011000 | 0,3191-0,2057i | 1,1727-0,31251 | 0,9378-0,77431 | 0,1465-1,23611i
w25 011001 1,0956-0,1876i | 1,2022-0,1671i | 0,1694-0,8236i | 0,1412-0,8899i
w26 011010 | 0,5092-0,2494i | 0,7798-0,20351 | 0,7911-0,92251 | 0,4261-1,16951
w27 011011 1,093-0,20061 0,6806-1,00491 | 0,4477-0,7791 0,413-0,79551
w28 011100 | 0,8876-0,67i 1,0766-0,5604i 1,2059-0,1571 0,1641-0,164i
w29 011101 1,0256-0,4299i | 0,9914-0,70031 | 0,1661-1,2048i | 0,1442-0,5197i
w30 011110 | 0,8899-0,6666i | 0,7425-0,5068i | 0,6275-1,04181 | 0,5218-0,1427i
w3l 011111 1,0227-0,4368i | 0,8329-0,88261 | 0,4264-1,1388i | 0,4324-0,4339i
w32 100000 | -0,228740,5143i | -0,1978+0,198i | -1,0605+0,5953i | -0,87340,8874i
w33 100001 | -0,2116+1,0918i | -0,1916+1,19851 | -0,1796+0,4943i | -1,0395+0,6848i
w34 100010 | -0,282840,55351 | -0,4969+0,1984i | -0,7562+0,49561 | -0,6726+1,0474i
w35 100011 | -0,214+1,0888i | -0,4757+1,11661 | -0,4954+0,5126i | -0,6771+0,6619i
w36 100100 | -0,6913+0,8711i | -0,1862+0,5083i | -1,1574+0,37351 | -1,2358+0,1495i1
w37 100101 | -0,461+1,012i -0,17140,84281i | -0,1887+0,18161 | -1,1669+0,4334i
w38 100110 | -0,6929+0,8697i | -0,479+0,5257i | -0,8128+0,1991 | -0,8923+0,1387i
w39 100111 | -0,4624+1,0114i | -0,4272+0,8201i | -0,5012+0,183i | -0,8067+0,4041
w40 101000 | -0,319140,2057i | -1,172740,31251 | -0,9378+0,7743i | -0,1465+1,2361i
w4l 101001 | -1,0956+0,1876i | -1,2022+0,1671i | -0,1694+0,8236i | -0,1412+0,8899i
w42 101010 | -0,509240,2494i | -0,7798+0,20351 | -0,7911+0,92251 | -0,4261+1,1695i1
w43 101011 | -1,093+0,2006i | -0,6806+1,00491 | -0,4477+0,7791 | -0,41340,79551
w4 101100 | -0,8876+0,67i -1,0766+0,5604i | -1,2059+0,1571 | -0,1641+0,164i
w45 101101 | -1,02564+0,4299i | -0,9914+0,7003i | -0,1661+1,2048i | -0,1442+0,5197i
w46 101110 | -0,8899+0,6666i | -0,7425+0,50681 | -0,6275+1,0418i | -0,5218+0,1427i
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w47 101111 | -1,0227+0,4368i | -0,8329+0,88261 | -0,4264+1,1388i | -0,4324+0,4339i
w48 110000 | -0,2287-0,5143i | -0,1978-0,198i -1,0605-0,59531 | -0,873-0,8874i
w49 110001 | -0,2116-1,0918i | -0,1916-1,1985i | -0,1796-0,4943i | -1,0395-0,6848i
w50 110010 | -0,2828-0,55351 | -0,4969-0,1984i | -0,7562-0,4956i1 | -0,6726-1,0474i
w51 110011 | -0,214-1,0888i -0,4757-1,1166i | -0,4954-0,51261 | -0,6771-0,6619i
w52 110100 | -0,6913-0,8711i | -0,1862-0,5083i | -1,1574-0,3735i | -1,2358-0,1495i
w53 110101 | -0,461-1,012i -0,171-0,8428i -0,1887-0,1816i | -1,1669-0,4334i
w54 110110 | -0,6929-0,8697i | -0,479-0,5257i -0,8128-0,199i -0,8923-0,1387i
w55 110111 | -0,4624-1,0114i | -0,4272-0,8201i | -0,5012-0,183i -0,8067-0,404i
w56 111000 | -0,3191-0,2057i | -1,1727-0,3125i | -0,9378-0,77431 | -0,1465-1,2361i
w57 111001 | -1,0956-0,1876i | -1,2022-0,1671i | -0,1694-0,8236i | -0,1412-0,8899i
w58 111010 | -0,5092-0,2494i | -0,7798-0,2035i | -0,7911-0,9225i | -0,4261-1,1695i
w59 111011 | -1,093-0,2006i -0,6806-1,00491 | -0,4477-0,7791 -0,413-0,79551
w60 111100 | -0,8876-0,67i -1,0766-0,5604i | -1,2059-0,157i -0,1641-0,164i
w61 111101 | -1,0256-0,4299i | -0,9914-0,7003i | -0,1661-1,2048i | -0,1442-0,5197i
w62 111110 | -0,8899-0,6666i | -0,7425-0,5068i | -0,6275-1,0418i | -0,5218-0,1427i
w03 111111 | -1,0227-0,43681 | -0,8329-0,8826i | -0,4264-1,1388i | -0,4324-0,4339i
or group C2:
w bit R =1/2 (or 5/8 or | R=5/8 (or 1/20r | R = 3/4 (or 1/2 or | R =13/16 (or 1/2
label 3/4 or 13/16) 3/4 or 13/16) 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 | 0,1298+0,2084i 0,3328+0,1665i | 0,9596+0,4358i 1,022+0,4536i
wl 000001 | 0,1883+1,3627i 0,5435+1,2609i | 0,1328+0,5092i 0,1374+0,4738i
w2 000010 | 0,217+0,4464i 0,1217+0,1744i | 0,6561+0,4543i 0,6985+0,44991
w3 000011 | 0,1269+0,764i 0,1904+1,3623i | 0,3855+0,4909i 0,413+0,4891i
w4 000100 | 0,7986+1,12i 0,3528+0,4894i | 0,9773+0,1483i 1,0021+0,1484i
w5 000101 | 0,4538+1,1748i 0,4073+0,8478i | 0,1256+0,1724i 0,1339+0,1575i
w0 000110 | 0,4822+0,6563i 0,1288+0,5124i | 0,6457+0,1512i 0,6852+0,1497i
w7 000111 | 0,3148+0,8326i 0,1465+0,8935i | 0,3703+0,1633i 0,4014+0,16051
w8 001000 | 0,2328+0,1185i 0,5998+0,1505i1 1,2035+0,6663i 1,147+0,7594i
w9 001001 | 1,3637+0,1808i 0,8781+1,05891 | 0,1492+0,8611i 0,1479+0,8049i
w10 | 001010 | 0,4762+0,2045i 0,9411+0,1492i | 0,7306+0,7613i 0,7571+0,75951
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wll [ 001011 | 0,827+0,1328i 1,358240,218i 0,4377+0,8492i 0,4503+0,8438i
wl2 | 001100 | 1,0652+0,8657i 0,6339+0,45451 1,3574+0,2231i 1,3596+0,20951
wl3 | 001101 | 1,262+0,5438i 0,7138+0,7632i 0,1858+1,2632i 0,1659+1,1736i
wl4 | 001110 | 0,6765+0,4967i 0,9294+0,41891 0,9009+1,03961 0,841+1,08851
wl5 [ 001111 | 0,8548+0,3591i 1,1995+0,6617i 0,5564+1,2461i 0,5064+1,2593i
wl6 | 010000 | 0,1298-0,2084i 0,3328-0,16651 0,9596-0,43581 1,022-0,4536i
wl7 | 010001 | 0,1883-1,3627i 0,5435-1,26091 0,1328-0,5092i 0,1374-0,47381
wlg8 | 010010 | 0,217-0,4464i 0,1217-0,17441 0,6561-0,4543i1 0,6985-0,44991
w19 | 010011 | 0,1269-0,764i 0,1904-1,3623i 0,3855-0,49001 0,413-0,4891i
w20 | 010100 | 0,7986-1,12i 0,3528-0,48941 0,9773-0,1483i 1,0021-0,14841
w21 [ 010101 | 0,4538-1,1748i 0,4073-0,84781 0,1256-0,1724i 0,1339-0,15751
w22 | 010110 | 0,4822-0,6563i 0,1288-0,5124i 0,6457-0,1512i 0,6852-0,14971
w23 | 010111 | 0,3148-0,8326i 0,1465-0,8935i1 0,3703-0,1633i 0,4014-0,16051
w24 | 011000 | 0,2328-0,1185i1 0,5998-0,15051 1,2035-0,66631 1,147-0,7594i
w25 | 011001 | 1,3637-0,1808i 0,8781-1,05891 0,1492-0,8611i 0,1479-0,80491
w26 | 011010 | 0,4762-0,20451 0,9411-0,1492i 0,7306-0,7613i 0,7571-0,75951
w27 | 011011 | 0,827-0,1328i 1,3582-0,218i 0,4377-0,8492i 0,4503-0,84381
w28 | 011100 | 1,0652-0,8657i 0,6339-0,45451 1,3574-0,2231i 1,3596-0,20951
w29 | 011101 | 1,262-0,5438i 0,7138-0,7632i 0,1858-1,2632i 0,1659-1,1736i
w30 | 011110 | 0,6765-0,4967i 0,9294-0,4189%1 0,9009-1,0396i 0,841-1,08851
w3l [ 011111 | 0,8548-0,3591i 1,1995-0,6617i 0,5564-1,2461i 0,5064-1,2593i
w32 | 100000 | -0,1298+40,2084i -0,3328+0,16651 | -0,9596+0,43581 | -1,022+0,4536i
w33 100001 | -0,1883+1,3627i -0,5435+1,26091 | -0,1328+0,5092i | -0,1374+0,4738i
w34 | 100010 | -0,217+0,4464i -0,1217+0,17441 | -0,6561+0,45431 | -0,6985+0,44991
w35 100011 | -0,1269+0,764i -0,1904+1,36231 | -0,3855+0,49091 | -0,413+0,4891i
w36 | 100100 | -0,7986+1,12i -0,352840,48941 | -0,9773+0,14831 | -1,002140,1484i
w37 | 100101 | -0,4538+1,1748i -0,4073+0,84781 | -0,1256+0,1724i | -0,1339+40,15751
w38 100110 | -0,4822+0,6563i -0,1288+0,5124i | -0,6457+0,15121 | -0,6852+40,14971
w39 | 100111 | -0,3148+0,8326i -0,1465+0,89351 | -0,3703+0,1633i | -0,4014+40,16051
w40 | 101000 | -0,2328+40,11851 -0,5998+0,15051 | -1,2035+0,6663i | -1,147+0,7594i
w4l 101001 | -1,3637+0,18081 -0,8781+1,05891 | -0,1492+0,8611i | -0,1479+0,80491
w42 | 101010 | -0,4762+0,20451 -0,9411+0,1492i | -0,7306+0,7613i | -0,757140,75951
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w43 101011 | -0,827+0,1328i -1,3582+0,218i -0,4377+0,8492i | -0,4503+0,8438i
w44 101100 | -1,0652+0,8657i -0,6339+0,45451 | -1,3574+0,22311 | -1,3596+0,20951
w45 101101 | -1,262+0,5438i -0,7138+0,7632i | -0,1858+1,26321 | -0,1659+1,1736i
w46 101110 | -0,6765+0,49671 -0,9294+0,41891 | -0,9009+1,0396i | -0,841+1,08851
w47 101111 | -0,8548+0,3591i -1,1995+0,66171 | -0,5564+1,2461i | -0,5064+1,2593i
w48 110000 | -0,1298-0,2084i -0,3328-0,16651 | -0,9596-0,4358i -1,022-0,4536i
w49 110001 | -0,1883-1,3627i -0,5435-1,26091 | -0,1328-0,5092i -0,1374-0,4738i
w50 110010 | -0,217-0,4464i -0,1217-0,17441 | -0,6561-0,4543i -0,6985-0,4499i
w51 110011 | -0,1269-0,764i -0,1904-1,36231 | -0,3855-0,4909i -0,413-0,4891i
w52 110100 | -0,7986-1,12i -0,3528-0,48941 | -0,9773-0,1483i -1,0021-0,1484i
w53 110101 | -0,4538-1,1748i -0,4073-0,84781 | -0,1256-0,1724i -0,1339-0,1575i
w54 110110 | -0,4822-0,6563i -0,1288-0,51241 | -0,6457-0,1512i -0,6852-0,1497i
w55 110111 | -0,3148-0,8326i -0,1465-0,89351 | -0,3703-0,1633i -0,4014-0,16051
w56 111000 | -0,2328-0,11851 -0,5998-0,15051 | -1,2035-0,6663i -1,147-0,7594i
w57 111001 | -1,3637-0,1808i -0,8781-1,05891 | -0,1492-0,8611i -0,1479-0,8049i
w58 111010 | -0,4762-0,20451 -0,9411-0,14921 | -0,7306-0,7613i -0,7571-0,7595i1
w59 111011 | -0,827-0,1328i -1,3582-0,218i -0,4377-0,8492i1 -0,4503-0,8438i
w60 111100 | -1,0652-0,86571 -0,6339-0,45451 | -1,3574-0,2231i -1,3596-0,20951
wol 111101 | -1,262-0,5438i -0,7138-0,76321 | -0,1858-1,2632i -0,1659-1,1736i
w62 111110 | -0,6765-0,49671 -0,9294-0,41891 | -0,9009-1,0396i -0,841-1,0885i1
w63 111111 | -0,8548-0,3591i -1,1995-0,66171 | -0,5564-1,2461i -0,5064-1,2593i
or group C3:
w bitlabel | R=1/2 (or 5/8 or | R=5/8 (or 1/2 or | R =3/4 (or 1/2 or | R = 13/16 (or 1/2
3/4 or 13/16) 3/4 or 13/16) 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 1,0569+0,70891 0,8757+0,9247i 0,937+0,8841i 1,1723+0,5141i
wl 000001 1,0841+0,6678i 1,045+0,728i 1,1063+0,66011 0,1476+0,5364i
w2 000010 | 0,819+0,9734i 0,7024+1,0623i 0,7126+1,07291 0,7669+0,45731
w3 000011 0,7389+0,713i 0,6854+0,6748i1 0,649+0,70771 0,4449+0,4829i
w4 000100 1,2554+0,2142i 1,2615+0,17461 1,2781+0,1604i 1,004+0,174i
w5 000101 1,2348+0,3103i 1,1831+0,47061 1,0791+0,3764i 0,1371+0,1864i
wb 000110 0,7562+0,1721i 0,8301+0,1381i 0,7714+0,1301i 0,7139+0,1521i
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w7 000111 0,74514+0,3181i 0,7748+0,39781 0,7335+0,42681 0,4208+0,1616i
w3 001000 | 0,2187+1,25291 0,1636+1,263i 0,1553+1,2788i 1,0216+0,771i
w9 001001 0,1608+0,8472i 0,1378+0,8233i 0,1327+0,8728i 0,1431+0,90831
wl0 | 001010 | 0,5502+1,1466i 0,446+1,1929i 0,4463+1,2084i 0,7237+0,7521i
wll | 001011 0,42174+0,78271 0,3922+0,76131i 0,3935+0,81561 0,4251+0,8248i
wl2 | 001100 | 0,1479+0,17i 0,1453+0,1451i 0,1358+0,16261 1,2711+0,1575i
wl3 | 001101 0,15744+0,47091 0,1295+0,4429i 0,1371+0,5004i 0,162+1,2706i
wl4 | 001110 | 0,3867+0,16951 0,4504+0,1426i 0,427+0,14841i 0,7403+1,045i1
wl5 | 001111 0,3923+0,4332i 0,4124+0,42071 0,406+0,4481i 0,4693+1,19171
wl6 | 010000 1,0569-0,70891 0,8757-0,92471 0,937-0,8841i 1,1723-0,5141i
wl7 | 010001 1,0841-0,6678i 1,045-0,7281 1,1063-0,6601i 0,1476-0,5364i
wl8 | 010010 | 0,819-0,9734i 0,7024-1,0623i 0,7126-1,0729i 0,7669-0,45731
w19 | 010011 0,7389-0,7131 0,6854-0,67481 0,649-0,70771 0,4449-0,48291
w20 | 010100 1,2554-0,2142i 1,2615-0,1746i 1,2781-0,1604i 1,004-0,174i
w21 | 010101 1,2348-0,31031 1,1831-0,47061 1,0791-0,3764i 0,1371-0,1864i
w22 | 010110 | 0,7562-0,1721i 0,8301-0,1381i 0,7714-0,1301i 0,7139-0,1521i
w23 | 010111 0,7451-0,31811 0,7748-0,3978i 0,7335-0,42681 0,4208-0,1616i
w24 | 011000 | 0,2187-1,2529i 0,1636-1,263i 0,1553-1,2788i 1,0216-0,771i
w25 | 011001 0,1608-0,8472i 0,1378-0,8233i 0,1327-0,8728i 0,1431-0,9083i1
w26 | 011010 | 0,5502-1,1466i 0,446-1,19291 0,4463-1,2084i 0,7237-0,7521i
w27 | 011011 0,4217-0,78271 0,3922-0,7613i 0,3935-0,8156i 0,4251-0,8248i
w28 | 011100 | 0,1479-0,171 0,1453-0,1451i 0,1358-0,1626i 1,2711-0,1575i
w29 | 011101 0,1574-0,47091 0,1295-0,4429i1 0,1371-0,50041 0,162-1,2706i
w30 | 011110 | 0,3867-0,16951 0,4504-0,14261 0,427-0,14841 0,7403-1,0451
w3l | 011111 0,3923-0,43321 0,4124-0,42071 0,406-0,44811 0,4693-1,1917i
w32 | 100000 -1,0569+0,70891 -0,8757+0,92471 | -0,937+0,88411 -1,1723+0,5141i
w33 | 100001 -1,0841+0,66781 -1,045+0,7281 -1,1063+0,6601i | -0,1476+0,5364i
w34 | 100010 -0,819+0,9734i -0,7024+1,06231 | -0,7126+1,07291 | -0,7669+0,4573i
w35 | 100011 -0,7389+0,7131 -0,6854+0,67481 | -0,649+0,70771 -0,4449+0,48291
w36 | 100100 -1,255440,2142i -1,2615+0,17461 | -1,2781+0,1604i | -1,004+0,174i
w37 | 100101 -1,234840,3103i1 -1,1831+0,47061 | -1,079140,3764i | -0,1371+0,1864i
w38 | 100110 -0,7562+0,1721i -0,8301+0,1381i | -0,7714+0,1301i | -0,7139+0,1521i

52




WO 2017/005874 PCT/EP2016/066190
w39 | 100111 -0,745140,3181i -0,7748+0,39781 | -0,7335+0,4268i | -0,4208+0,1616i
w40 | 101000 -0,2187+1,2529i1 -0,1636+1,263i -0,1553+1,27881 | -1,0216+0,771i
w4l | 101001 -0,1608+0,8472i -0,137840,82331 | -0,1327+0,87281i | -0,1431+0,90831
w42 | 101010 -0,5502+1,14661 -0,446+1,1929i -0,4463+1,20841 | -0,7237+0,7521i
w43 | 101011 -0,421740,78271 -0,3922+0,7613i | -0,3935+0,8156i | -0,4251+0,8248i
w44 | 101100 -0,1479+0,171 -0,1453+0,14511 | -0,1358+0,1626i | -1,2711+0,15751
w45 | 101101 -0,157440,47091 -0,1295+0,44291 | -0,1371+0,5004i | -0,162+1,2706i
w46 | 101110 -0,3867+0,16951 -0,4504+0,14261 | -0,427+0,1484i -0,7403+1,0451
w47 | 101111 -0,3923+0,4332i -0,4124+0,42071 | -0,406+0,4481i -0,4693+1,1917i
w48 | 110000 -1,0569-0,70891 -0,8757-0,92471 -0,937-0,8841i -1,1723-0,5141i
w49 | 110001 -1,0841-0,6678i -1,045-0,7281 -1,1063-0,66011 -0,1476-0,5364i
w50 | 110010 -0,819-0,9734i -0,7024-1,0623i1 -0,7126-1,07291 -0,7669-0,4573i
w51 | 110011 -0,7389-0,7131 -0,6854-0,67481 -0,649-0,7077i -0,4449-0,48291
w52 | 110100 -1,2554-0,2142i -1,2615-0,1746i -1,2781-0,1604i -1,004-0,174i
w33 | 110101 -1,2348-0,31031 -1,1831-0,4706i1 -1,0791-0,3764i -0,1371-0,1864i
w54 | 110110 -0,7562-0,1721i -0,8301-0,13811 -0,7714-0,13011 -0,7139-0,15211
wS5 | 110111 -0,7451-0,31811 -0,7748-0,39781 -0,7335-0,4268i -0,4208-0,1616i1
w56 | 111000 -0,2187-1,25291 -0,1636-1,263i -0,1553-1,27881 -1,0216-0,771i
w57 | 111001 -0,1608-0,8472i -0,1378-0,82331 -0,1327-0,87281 -0,1431-0,90831
w38 | 111010 -0,5502-1,1466i1 -0,446-1,1929i -0,4463-1,2084i -0,7237-0,7521i
w39 | 111011 -0,4217-0,78271 -0,3922-0,7613i -0,3935-0,8156i -0,4251-0,8243i
w60 | 111100 -0,1479-0,171 -0,1453-0,14511 -0,1358-0,1626i1 -1,2711-0,15751
wol | 111101 -0,1574-0,47091 -0,1295-0,44291 -0,1371-0,50041 -0,162-1,27061
w62 | 111110 -0,3867-0,16951 -0,4504-0,1426i1 -0,427-0,1484i -0,7403-1,045i1
w63 | 111111 -0,3923-0,4332i -0,4124-0,42071 -0,406-0,4481i -0,4693-1,1917i

wherein the bit labeling indicated in groups A, B and C may alternatively be inverted for

one or more bit labels.

2.

A coding and modulation apparatus as claimed in claim 1,

further comprising a selection unit configured to select the total number N of constellation

points of the constellation and the code rate R based on channel conditions of a communi-

53




WO 2017/005874 PCT/EP2016/066190

cations channel between a transmission apparatus including said coding and modulation
apparatus and a receiving apparatus with which said transmission apparatus seeks to

communicate.

3. A coding and modulation apparatus as claimed in claim 2,
wherein said selection unit is configured to select a constellation with a higher number of

N and/or a higher code rate the better the channel conditions are.

4. A coding and modulation apparatus as claimed in claim 2,
wherein said selection unit is configured to select a constellation based on the desired

signal-to-noise ratio.

5. A coding and modulation apparatus as claimed in claim 1,

further comprising a reception unit configured to receive receiver signalling information
including one or more of a) the total number N of constellation points and the code rate R
of a constellation to be used, b) an indication of the constellation to be used, ¢) constella-
tion points of a constellation to be used, d) channel conditions of a communications
channel between a transmission apparatus including said coding and modulation apparatus
and a receiving apparatus with which said transmission apparatus seeks to communicate,

and e) PHY impairments at the receiving apparatus.

6. A coding and modulation apparatus as claimed in claim 1,
wherein said coding and modulation apparatus is configured for use in a transmission

apparatus according to IEEE 802.11.

7. A coding and modulation method comprising
- encoding input data into cell words according to a low density parity check code,

LDPC, and
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- modulating said cell words into constellation values of a non-uniform constellation

and to assign bit combinations to constellation values of the used non-uniform constella-

tion,

wherein said modulating is configured to use, based on the total number N of constellation

points of the constellation and the code rate R,

1) a non-uniform constellation and bit labeling from a group A if N = 16, or

ii) a non-uniform constellation and bit labeling from a group B if N =32, or

i) a non-uniform constellation and bit labeling from a group C if N = 64, or

iv) a non-uniform constellation obtained from a constellation from anyone of groups A,
B or C through rotation by an angle around the origin, through inversion of bit la-
bels for all constellation points, through interchanging of bit positions, through mir-
roring on any line in the complex plane and/or through predistortion for the constel-
lation points,

wherein the constellation points are defined by a constellation position vector wy...wn.y,

and wherein the constellation position vectors of the different constellations of the groups

A, B or C of constellations are defined as follows:

A) 16-QAM non-uniform constellations of

group Al:

w bitlabel [ R=1/2(or5/80r3/4) | R=5/8(or1/20r3/4) | R=3/4(or 1/2 or 5/8)
w0 0000 0,9236+0,3833i 0,2885+0,2883i 0,2989+0,3143i
wl 0001 0,9236+0,3833i 1,085+0,3172i 1,0877+0,2957i
w2 0010 0,3833+0,9236i 0,3168+1,0851i 0,2979+1,0872i
w3 0011 0,3833+0,9236i 0,7973+0,8014i 0,8007+0,7934i
w4 0100 0,9236-0,3833i 0,2885-0,2883i 0,2989-0,3143i
w5 0101 0,9236-0,3833i 1,085-0,3172i 1,0877-0,2957i
w0 0110 0,3833-0,9236i 0,3168-1,0851i 0,2979-1,0872i
w7 0111 0,3833-0,9236i 0,7973-0,8014i 0,8007-0,7934i
w8 1000 -0,9236+0,3833i -0,2885+0,2883i -0,2989+0,3143i
w9 1001 -0,9236+0,3833i -1,085+0,3172i -1,0877+0,2957i
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w10 1010 -0,3833+0,9236i -0,3168+1,0851i -0,2979+1,0872i
wll 1011 -0,3833+0,9236i -0,7973+0,80144 -0,8007+0,7934i
wil2 1100 -0,9236-0,3833i -0,2885-0,28831 -0,2989-0,3143i
wl3 1101 -0,9236-0,3833i -1,085-0,3172i -1,0877-0,2957i
wl4 1110 -0,3833-0,9236i -0,3168-1,0851i -0,2979-1,0872i
wl5 1111 -0,3833-0,9236i -0,7973-0,8014i -0,8007-0,7934i
or group A3:

w bit label R=1/2(or 5/8or 3/4) | R=5/8 (or 1/2 or 3/4) | R=3/4 (or 1/2 or 5/8)
w0 0000 0,8429+0,2537i 0,4349+0,1989i 0,9963+0,2925i
wl 0001 0,9864+0,7471i 1,1973+0,4119i 0,9109+0,9109i
w2 0010 0,2155+0,3413i 0,2573+0,7061i 0,3034+0,3034i
w3 0011 0,3772+1,1785i 0,6759+1,0707i 0,2925+0,9963i
w4 0100 0,8429-0,2537i 0,4349-0,19891 0,9963-0,29251
w5 0101 0,9864-0,7471i 1,1973-0,4119i 0,9109-0,91091
w0 0110 0,2155-0,3413i 0,2573-0,7061i 0,3034-0,3034i
w7 0111 0,3772-1,1785i 0,6759-1,0707i 0,2925-0,9963i
w8 1000 -0,8429+0,25371 -0,4349+0,1989i -0,9963+0,2925i1
w9 1001 -0,9864+0,7471i -1,1973+0,4119i -0,9109+0,9109i
wl0 | 1010 -0,2155+0,3413i -0,2573+0,7061i -0,3034+0,3034i
wll 1011 -0,3772+1,1785i -0,6759+1,07071 -0,2925+0,9963i
wl2 | 1100 -0,8429-0,2537i -0,4349-0,19891 -0,9963-0,2925i1
wl3 | 1101 -0,9864-0,7471i -1,1973-0,4119i -0,9109-0,91091
wl4 | 1110 -0,2155-0,3413i -0,2573-0,7061i -0,3034-0,3034i
wls | 1111 -0,3772-1,17851 -0,6759-1,0707i -0,2925-0,9963i

B) 32-QAM non-uniform constellations of

group Bl:

w bitlabel | R=1/2(or5/8or | R = 5/8 (or 12 | R = 3/4 (or 1/2 | R =13/16 (or 12
3/4 or 13/16) or 3/4 or 13/16) or 5/8 or 13/16) or 5/8 or 3/4)

w0 00000 1,0304+0,444i 1,0971+0,18i 1,1563+0,20841 | 1,146+0,1942i
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wl 00001 1,1103+0,1616i | 0,4907+0,2208i | 0,6667+0,2352i | 1,0305+0,53891
w2 00010 0,8946+0,6772i | 1,02+0,4423i 1,039+0,54841 0,6951+0,233i
w3 00011 0,4346+0,2063i | 0,88174+0,6772i | 0,8367+0,8248i | 0,8267+0,8177i
w4 00100 0,4202+1,04041 | 0,18+1,09711 0,2126+0,6666i | 0,2293+0,70581
w3 00101 0,1661+1,1091i | 0,22114+0,4958i | 0,2344+0,23191 | 0,2086+1,144i
wo6 00110 0,6736+0,8966i | 0,4431+1,0196i | 0,1868+1,16i 0,2677+0,2828i
w7 00111 0,19814+0,4223i | 0,6778+0,8812i | 0,5438+1,04151 | 0,5548+1,0221i
w3 01000 1,0304-0,444i 1,0971-0,181 1,1563-0,2084i 1,146-0,1942i
w9 01001 1,1103-0,16161 | 0,4907-0,22081 | 0,6667-0,2352i 1,0305-0,5389%1
w10 01010 0,8946-0,6772i 1,02-0,44231 1,039-0,5484i 0,6951-0,233i
wll 01011 0,4346-0,20631 | 0,8817-0,67721 | 0,8367-0,82481 | 0,8267-0,8177i
wl2 01100 0,4202-1,0404i | 0,18-1,0971i 0,2126-0,66661 | 0,2293-0,7058i
wl3 01101 0,1661-1,1091i | 0,2211-0,49581 | 0,2344-0,23191 | 0,2086-1,144i
wl4 01110 0,6736-0,89661 | 0,4431-1,0196i | 0,1868-1,16i 0,2677-0,2828i
wls 01111 0,1981-0,42231 | 0,6778-0,8812i | 0,5438-1,04151 | 0,5548-1,0221i
w16 10000 -1,03044+0,4441 | -1,097140,181 -1,1563+0,2084i | -1,146+0,1942i
wl7 10001 -1,1103+0,1616i | -0,49074+0,22081 | -0,6667+0,2352i | -1,0305+0,5389i
wlg 10010 -0,8946+0,67721 | -1,02+0,4423i -1,03940,5484i | -0,6951+0,233i
wl9 10011 -0,4346+0,20631 | -0,88174+0,6772i | -0,8367+0,82481 | -0,8267+0,8177i
w20 10100 -0,4202+1,0404i | -0,18+1,0971i -0,2126+0,66661 | -0,2293+0,70581
w2l 10101 -0,1661+1,1091i | -0,22114+0,4958i1 | -0,2344+0,2319i | -0,2086+1,144i
w22 10110 -0,6736+0,8966i | -0,4431+1,0196i | -0,1868+1,16i -0,2677+0,28281
w23 10111 -0,1981+0,4223i | -0,6778+0,8812i | -0,5438+1,04151 | -0,5548+1,0221i
w24 11000 -1,0304-0,444i -1,0971-0,181 -1,1563-0,2084i | -1,146-0,1942i
w25 11001 -1,1103-0,1616i | -0,4907-0,2208i | -0,6667-0,2352i | -1,0305-0,53891
w26 11010 -0,8946-0,67721 | -1,02-0,4423i -1,039-0,5484i -0,6951-0,233i
w27 11011 -0,4346-0,20631 | -0,8817-0,6772i | -0,8367-0,8248i | -0,8267-0,8177i
w28 11100 -0,4202-1,0404i | -0,18-1,0971i -0,2126-0,66661 | -0,2293-0,70581
w29 11101 -0,1661-1,1091i | -0,2211-0,4958i | -0,2344-0,23191 | -0,2086-1,144i
w30 11110 -0,6736-0,89661 | -0,4431-1,01961 | -0,1868-1,16i -0,2677-0,2828i
w3l 11111 -0,1981-0,4223i | -0,6778-0,8812i | -0,5438-1,04151 | -0,5548-1,0221i
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or group B3:
w bit R=1/2(or 5/8or | R = 5/8 (or 1/2 | R=3/4 (or 1/2 or | R = 13/16 (or
label 3/4 or 13/16) or 3/4 or 13/16) | 5/8 or 13/16) 1/2 or 5/8 or
3/4)
w0 | 00000 | 0,6588+0,2335i 0,6258+0,171i 0,7734+0,1898i 0,2229+0,2243i
wl | 00001 1,152+0,1943i 1,1753+0,2181i | 1,1905+0,2491i 0,7488+0,1887i
w2 | 00010 | 0,8934+0,7527i 0,2219+0,2216i | 0,6881+0,5652i 0,6173+1,0647i
w3 | 00011 1,0419+0,5284i 1,0354+0,59751 | 0,9811+0,7188i 1,2067+0,242i
w4 | 00100 | 0,2537+0,30061 0,1925+1,1798i | 0,2475+0,2277i 0,2183+0,7125i
w5 | 00101 0,1583+0,7127i 0,5389+1,0671 0,2041+1,199i 0,6249+0,5473i
w6 | 00110 | 0,6045+0,9997i 0,2194+0,6207i | 0,2562+0,6908i 0,2129+1,2121i
w7 | 00111 0,25+1,1412i 0,7778+0,8523i | 0,6044+1,0554i 1,0247+0,6815i1
w8 | 01000 | 0,6588-0,2335i 0,6258-0,171i 0,7734-0,1898i 0,2229-0,2243i
w9 | 01001 1,152-0,1943i 1,1753-0,2181i 1,1905-0,2491i 0,7488-0,1887i
wl0 | 01010 | 0,8934-0,7527i 0,2219-0,2216i 0,6881-0,5652i 0,6173-1,0647i
wll | 01011 1,0419-0,5284i 1,0354-0,59751 0,9811-0,7188i 1,2067-0,242i
wl2 | 01100 | 0,2537-0,3006i 0,1925-1,1798i 0,2475-0,22771 0,2183-0,7125i1
w13 | 01101 0,1583-0,7127i 0,5389-1,067i 0,2041-1,199i 0,6249-0,5473i
wl4 | 01110 | 0,6045-0,9997i 0,2194-0,6207i 0,2562-0,69081 0,2129-1,2121i
wl5 | 01111 0,25-1,1412i 0,7778-0,8523i 0,6044-1,0554i 1,0247-0,68151
w16 | 10000 -0,6588+0,2335i -0,6258+0,171i -0,7734+0,1898i -0,2229+0,2243i
w17 | 10001 -1,152+0,1943i -1,1753+0,2181i | -1,1905+0,2491i -0,7488+0,1887i
wl8 | 10010 -0,8934+0,7527i -0,2219+0,2216i | -0,6881+0,5652i -0,6173+1,0647i
w19 | 10011 -1,0419+0,5284i -1,0354+0,59751 | -0,9811+0,7188i -1,2067+0,242i
w20 | 10100 -0,2537+0,3006i -0,1925+1,1798i | -0,2475+0,2277i -0,2183+0,7125i
w21 | 10101 -0,1583+0,7127i -0,5389+1,0671 -0,2041+1,199i -0,6249+0,5473i
w22 | 10110 -0,6045+0,99971 -0,2194+0,6207i | -0,2562+0,69081 -0,2129+1,2121i
w23 | 10111 -0,25+1,1412i -0,7778+0,8523i | -0,6044+1,0554i -1,0247+0,6815i
w24 | 11000 -0,6588-0,23351 -0,6258-0,171i -0,7734-0,1898i -0,2229-0,2243i
w25 | 11001 -1,152-0,1943i -1,1753-0,2181i | -1,1905-0,2491i -0,7488-0,1887i
w26 | 11010 -0,8934-0,7527i -0,2219-0,22161 | -0,6881-0,5652i -0,6173-1,0647i
w27 | 11011 -1,0419-0,5284i -1,0354-0,59751 | -0,9811-0,7188i -1,2067-0,242i
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w28 | 11100 -0,2537-0,3006i1 -0,1925-1,17981 | -0,2475-0,22771 -0,2183-0,7125i
w29 | 11101 -0,1583-0,71271 -0,5389-1,0671 -0,2041-1,1991 -0,6249-0,5473i
w30 | 11110 -0,6045-0,99971 -0,2194-0,62071 | -0,2562-0,6908i -0,2129-1,2121i
w31 | 11111 -0,25-1,1412i -0,7778-0,8523i | -0,6044-1,0554i -1,0247-0,68151

C) 64-QAM non-uniform constellations of

group Cl:
w bitlabel | R = 1/2 (or 5/8 | R = 5/8 (or 172 | R = 3/4 (or 1/2 | R =13/16 (or 1/2
or 3/4 or 13/16) or 3/4 or 13/16) or 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 | 0,2287+0,5143i | 0,1978+0,1981 1,0605+0,5953i | 0,873+0,8874i
wl 000001 | 0,2116+1,09181 | 0,1916+1,19851 | 0,17964+0,4943i | 1,0395+0,6848i
w2 000010 | 0,2828+0,55351 | 0,4969+0,1984i | 0,756240,4956i | 0,6726+1,0474i
w3 000011 | 0,214+1,08881 0,4757+1,11661 | 0,4954+0,51261i | 0,6771+0,66191
w4 000100 | 0,6913+0,8711i | 0,1862+0,5083i | 1,15744+0,37351 | 1,2358+0,1495i1
w3 000101 | 0,461+1,012i 0,171+0,84281 0,1887+0,1816i | 1,1669+0,4334i
wo6 000110 | 0,6929+0,86971 | 0,479+0,52571 0,8128+0,1991 0,8923+0,13871
w7 000111 | 0,4624+1,0114i | 0,4272+0,8201i | 0,5012+40,183i 0,8067+0,4041
w3 001000 | 0,3191+0,20571 | 1,1727+0,31251 | 0,9378+0,7743i | 0,1465+1,2361i
w9 001001 1,0956+0,1876i | 1,2022+0,1671i | 0,1694+0,82361 | 0,1412+0,88991
w10 001010 | 0,5092+0,2494i | 0,7798+0,20351 | 0,791140,9225i | 0,4261+1,16951
wll 001011 1,093+0,20061 0,6806+1,00491 | 0,4477+0,7791 0,413+0,79551
wl2 001100 | 0,8876+0,671 1,0766+0,5604i | 1,2059+0,157i 0,1641+0,164i
wl3 001101 1,0256+0,42991 | 0,9914+0,7003i | 0,1661+1,20481 | 0,1442+0,5197i
wl4 001110 | 0,8899+0,6666i | 0,7425+0,50681 | 0,6275+1,0418i | 0,5218+0,1427i
wls 001111 1,0227+0,43681 | 0,8329+0,88261 | 0,4264+1,1388i | 0,4324+0,43391
w16 010000 | 0,2287-0,5143i | 0,1978-0,1981 1,0605-0,59531 | 0,873-0,8874i
wl7 010001 | 0,2116-1,0918i | 0,1916-1,1985i | 0,1796-0,4943i 1,0395-0,6848i
wlg 010010 | 0,2828-0,55351 | 0,4969-0,1984i | 0,7562-0,49561 | 0,6726-1,0474i
wl9 010011 | 0,214-1,0888i 0,4757-1,1166i | 0,4954-0,51261 | 0,6771-0,66191
w20 010100 | 0,6913-0,8711i | 0,1862-0,5083i 1,1574-0,37351 1,2358-0,14951
w21 010101 | 0,461-1,012i 0,171-0,84281 0,1887-0,1816i 1,1669-0,4334i
w22 010110 | 0,6929-0,8697i | 0,479-0,5257i 0,8128-0,1991 0,8923-0,13871
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w23 010111 | 0,4624-1,0114i | 0,4272-0,8201i | 0,5012-0,183i 0,8067-0,404i
w24 011000 | 0,3191-0,2057i | 1,1727-0,31251 | 0,9378-0,77431 | 0,1465-1,23611i
w25 011001 1,0956-0,1876i | 1,2022-0,1671i | 0,1694-0,8236i | 0,1412-0,8899i
w26 011010 | 0,5092-0,2494i | 0,7798-0,20351 | 0,7911-0,92251 | 0,4261-1,16951
w27 011011 1,093-0,20061 0,6806-1,00491 | 0,4477-0,7791 0,413-0,79551
w28 011100 | 0,8876-0,67i 1,0766-0,5604i 1,2059-0,1571 0,1641-0,164i
w29 011101 1,0256-0,4299i | 0,9914-0,70031 | 0,1661-1,2048i | 0,1442-0,5197i
w30 011110 | 0,8899-0,6666i | 0,7425-0,5068i | 0,6275-1,04181 | 0,5218-0,1427i
w3l 011111 1,0227-0,4368i | 0,8329-0,88261 | 0,4264-1,1388i | 0,4324-0,4339i
w32 100000 | -0,228740,5143i | -0,1978+0,198i | -1,0605+0,5953i | -0,87340,8874i
w33 100001 | -0,2116+1,0918i | -0,1916+1,19851 | -0,1796+0,4943i | -1,0395+0,6848i
w34 100010 | -0,282840,55351 | -0,4969+0,1984i | -0,7562+0,49561 | -0,6726+1,0474i
w35 100011 | -0,214+1,0888i | -0,4757+1,11661 | -0,4954+0,5126i | -0,6771+0,6619i
w36 100100 | -0,6913+0,8711i | -0,1862+0,5083i | -1,1574+0,37351 | -1,2358+0,1495i1
w37 100101 | -0,461+1,012i -0,17140,84281i | -0,1887+0,18161 | -1,1669+0,4334i
w38 100110 | -0,6929+0,8697i | -0,479+0,5257i | -0,8128+0,1991 | -0,8923+0,1387i
w39 100111 | -0,4624+1,0114i | -0,4272+0,8201i | -0,5012+0,183i | -0,8067+0,4041
w40 101000 | -0,319140,2057i | -1,172740,31251 | -0,9378+0,7743i | -0,1465+1,2361i
w4l 101001 | -1,0956+0,1876i | -1,2022+0,1671i | -0,1694+0,8236i | -0,1412+0,8899i
w42 101010 | -0,509240,2494i | -0,7798+0,20351 | -0,7911+0,92251 | -0,4261+1,1695i1
w43 101011 | -1,093+0,2006i | -0,6806+1,00491 | -0,4477+0,7791 | -0,41340,79551
w4 101100 | -0,8876+0,67i -1,0766+0,5604i | -1,2059+0,1571 | -0,1641+0,164i
w45 101101 | -1,02564+0,4299i | -0,9914+0,7003i | -0,1661+1,2048i | -0,1442+0,5197i
w46 101110 | -0,8899+0,6666i | -0,7425+0,50681 | -0,6275+1,0418i | -0,5218+0,1427i
w47 101111 | -1,022740,43681 | -0,8329+0,88261 | -0,4264+1,1388i | -0,4324+0,4339i
w48 110000 | -0,2287-0,5143i | -0,1978-0,198i -1,0605-0,59531 | -0,873-0,8874i
w49 110001 | -0,2116-1,0918i | -0,1916-1,19851 | -0,1796-0,4943i | -1,0395-0,6848i
w30 110010 | -0,2828-0,55351 | -0,4969-0,1984i | -0,7562-0,49561 | -0,6726-1,0474i
wsl 110011 | -0,214-1,08881 -0,4757-1,11661 | -0,4954-0,5126i | -0,6771-0,66191
w32 110100 | -0,6913-0,8711i | -0,1862-0,50831 | -1,1574-0,37351 | -1,2358-0,1495i
w53 110101 | -0,461-1,012i -0,171-0,8428i -0,1887-0,18161 | -1,1669-0,4334i
w4 110110 | -0,6929-0,86971 | -0,479-0,52571 -0,8128-0,1991 -0,8923-0,13871
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w55 110111 | -0,4624-1,0114i | -0,4272-0,8201i | -0,5012-0,183i -0,8067-0,404i
w56 111000 | -0,3191-0,2057i | -1,1727-0,3125i | -0,9378-0,77431 | -0,1465-1,2361i
w57 111001 | -1,0956-0,1876i | -1,2022-0,1671i | -0,1694-0,8236i | -0,1412-0,8899i
w58 111010 | -0,5092-0,2494i | -0,7798-0,2035i | -0,7911-0,9225i | -0,4261-1,1695i
w59 111011 | -1,093-0,2006i -0,6806-1,00491 | -0,4477-0,7791 -0,413-0,79551
w60 111100 | -0,8876-0,67i -1,0766-0,5604i | -1,2059-0,157i -0,1641-0,164i
w61 111101 | -1,0256-0,4299i | -0,9914-0,7003i | -0,1661-1,2048i | -0,1442-0,5197i
w62 111110 | -0,8899-0,6666i | -0,7425-0,5068i | -0,6275-1,0418i | -0,5218-0,1427i
w03 111111 | -1,0227-0,43681 | -0,8329-0,8826i | -0,4264-1,1388i | -0,4324-0,4339i
or group C2:
w bit R =1/2 (or 5/8 or | R=5/8 (or 1/20r | R = 3/4 (or 1/2 or | R =13/16 (or 1/2
label 3/4 or 13/16) 3/4 or 13/16) 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 | 0,1298+0,2084i 0,3328+0,1665i | 0,9596+0,4358i 1,022+0,4536i
wl 000001 | 0,1883+1,3627i 0,5435+1,2609i | 0,1328+0,5092i 0,1374+0,4738i
w2 000010 | 0,217+0,4464i 0,1217+0,1744i | 0,6561+0,4543i 0,6985+0,44991
w3 000011 | 0,1269+0,764i 0,1904+1,3623i | 0,3855+0,4909i 0,413+0,4891i
w4 000100 | 0,7986+1,12i 0,3528+0,4894i | 0,9773+0,1483i 1,0021+0,1484i
w5 000101 | 0,4538+1,1748i 0,4073+0,8478i | 0,1256+0,1724i 0,1339+0,1575i
w0 000110 | 0,4822+0,6563i 0,1288+0,5124i | 0,6457+0,1512i 0,6852+0,1497i
w7 000111 | 0,3148+0,8326i 0,1465+0,8935i | 0,3703+0,1633i 0,4014+0,16051
w8 001000 | 0,2328+0,1185i 0,5998+0,1505i1 1,2035+0,6663i 1,147+0,7594i
w9 001001 | 1,3637+0,1808i 0,8781+1,05891 | 0,1492+0,8611i 0,1479+0,8049i
w10 | 001010 | 0,4762+0,2045i 0,9411+0,1492i | 0,7306+0,7613i 0,7571+0,75951
wll | 001011 | 0,827+0,1328i 1,3582+0,218i 0,4377+0,8492i 0,4503+0,8438i
wl2 | 001100 | 1,0652+0,8657i 0,6339+0,45451 1,3574+0,2231i 1,3596+0,20951
w13 | 001101 | 1,262+0,5438i 0,7138+0,7632i | 0,1858+1,2632i 0,1659+1,1736i
wl4 | 001110 | 0,6765+0,4967i 0,9294+0,41891 | 0,9009+1,0396i 0,841+1,0885i1
wl5 | 001111 | 0,8548+0,3591i 1,1995+0,6617i | 0,5564+1,2461i 0,5064+1,2593i
wl6 | 010000 | 0,1298-0,2084i 0,3328-0,16651 0,9596-0,4358i 1,022-0,45361
wl7 | 010001 | 0,1883-1,3627i 0,5435-1,26091 0,1328-0,5092i 0,1374-0,4738i
wl8 | 010010 | 0,217-0,4464i 0,1217-0,1744i 0,6561-0,4543i 0,6985-0,44991
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w19 | 010011 | 0,1269-0,764i 0,1904-1,3623i 0,3855-0,49001 0,413-0,4891i
w20 | 010100 | 0,7986-1,12i 0,3528-0,48941 0,9773-0,1483i 1,0021-0,14841
w21 [ 010101 | 0,4538-1,1748i 0,4073-0,84781 0,1256-0,1724i 0,1339-0,15751
w22 | 010110 | 0,4822-0,6563i 0,1288-0,5124i 0,6457-0,1512i 0,6852-0,14971
w23 | 010111 | 0,3148-0,8326i 0,1465-0,8935i1 0,3703-0,1633i 0,4014-0,16051
w24 | 011000 | 0,2328-0,1185i1 0,5998-0,15051 1,2035-0,66631 1,147-0,7594i
w25 | 011001 | 1,3637-0,1808i 0,8781-1,05891 0,1492-0,8611i 0,1479-0,80491
w26 | 011010 | 0,4762-0,20451 0,9411-0,1492i 0,7306-0,7613i 0,7571-0,75951
w27 | 011011 | 0,827-0,1328i 1,3582-0,218i 0,4377-0,8492i 0,4503-0,84381
w28 | 011100 | 1,0652-0,8657i 0,6339-0,45451 1,3574-0,2231i 1,3596-0,20951
w29 | 011101 | 1,262-0,5438i 0,7138-0,7632i 0,1858-1,2632i 0,1659-1,1736i
w30 | 011110 | 0,6765-0,4967i 0,9294-0,4189%1 0,9009-1,0396i 0,841-1,08851
w3l [ 011111 | 0,8548-0,3591i 1,1995-0,6617i 0,5564-1,2461i 0,5064-1,2593i
w32 | 100000 | -0,1298+40,2084i -0,3328+0,16651 | -0,9596+0,43581 | -1,022+0,4536i
w33 100001 | -0,1883+1,3627i -0,5435+1,26091 | -0,1328+0,5092i | -0,1374+0,4738i
w34 | 100010 | -0,217+0,4464i -0,1217+0,17441 | -0,6561+0,45431 | -0,6985+0,44991
w35 100011 | -0,1269+0,764i -0,1904+1,36231 | -0,3855+0,49091 | -0,413+0,4891i
w36 | 100100 | -0,7986+1,12i -0,352840,48941 | -0,9773+0,14831 | -1,002140,1484i
w37 | 100101 | -0,4538+1,1748i -0,4073+0,84781 | -0,1256+0,1724i | -0,1339+40,15751
w38 100110 | -0,4822+0,6563i -0,1288+0,5124i | -0,6457+0,15121 | -0,6852+40,14971
w39 | 100111 | -0,3148+0,8326i -0,1465+0,89351 | -0,3703+0,1633i | -0,4014+40,16051
w40 | 101000 | -0,2328+40,11851 -0,5998+0,15051 | -1,2035+0,6663i | -1,147+0,7594i
w4l 101001 | -1,3637+0,18081 -0,8781+1,05891 | -0,1492+0,8611i | -0,1479+0,80491
w42 | 101010 | -0,4762+0,20451 -0,9411+0,1492i | -0,7306+0,7613i | -0,757140,75951
w43 101011 | -0,827+0,1328i -1,358240,2181 -0,43774+0,84921 | -0,4503+0,8438i
w44 | 101100 | -1,0652+0,8657i -0,6339+0,45451 | -1,3574+0,2231i | -1,3596+40,20951
w45 101101 | -1,262+0,5438i -0,7138+0,76321 | -0,1858+1,2632i | -0,1659+1,1736i
w46 | 101110 | -0,6765+0,49671 -0,9294+0,41891 | -0,9009+1,0396i | -0,841+1,08851
w47 | 101111 | -0,8548+40,3591i -1,1995+0,66171 | -0,5564+1,2461i | -0,5064+1,2593i
w48 110000 | -0,1298-0,20841 -0,3328-0,16651 | -0,9596-0,4358i -1,022-0,4536i
w49 | 110001 | -0,1883-1,3627i -0,5435-1,26091 | -0,1328-0,50921 -0,1374-0,47381
w50 | 110010 | -0,217-0,4464i -0,1217-0,1744i | -0,6561-0,4543i -0,6985-0,44991
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w51 110011 | -0,1269-0,764i -0,1904-1,36231 | -0,3855-0,4909i -0,413-0,4891i
w52 110100 | -0,7986-1,12i -0,3528-0,48941 | -0,9773-0,1483i -1,0021-0,1484i
w53 110101 | -0,4538-1,1748i -0,4073-0,84781 | -0,1256-0,1724i -0,1339-0,1575i
w54 110110 | -0,4822-0,6563i -0,1288-0,51241 | -0,6457-0,1512i -0,6852-0,1497i
w55 110111 | -0,3148-0,8326i -0,1465-0,89351 | -0,3703-0,1633i -0,4014-0,16051
w56 111000 | -0,2328-0,11851 -0,5998-0,15051 | -1,2035-0,6663i -1,147-0,7594i
w57 111001 | -1,3637-0,1808i -0,8781-1,05891 | -0,1492-0,8611i -0,1479-0,8049i
w58 111010 | -0,4762-0,20451 -0,9411-0,14921 | -0,7306-0,7613i -0,7571-0,7595i1
w59 111011 | -0,827-0,1328i -1,3582-0,218i -0,4377-0,8492i1 -0,4503-0,8438i
w60 111100 | -1,0652-0,86571 -0,6339-0,45451 | -1,3574-0,2231i -1,3596-0,20951
wol 111101 | -1,262-0,5438i -0,7138-0,76321 | -0,1858-1,2632i -0,1659-1,1736i
w62 111110 | -0,6765-0,49671 -0,9294-0,41891 | -0,9009-1,0396i -0,841-1,0885i1
w63 111111 | -0,8548-0,3591i -1,1995-0,66171 | -0,5564-1,2461i -0,5064-1,2593i
or group C3:
w bitlabel | R=1/2 (or 5/8 or | R=5/8 (or 1/2 or | R =3/4 (or 1/2 or | R = 13/16 (or 1/2
3/4 or 13/16) 3/4 or 13/16) 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 1,0569+0,70891 0,8757+0,9247i 0,937+0,8841i 1,1723+0,5141i
wl 000001 1,0841+0,6678i 1,045+0,728i 1,1063+0,66011 0,1476+0,5364i
w2 000010 | 0,819+0,9734i 0,7024+1,0623i 0,7126+1,07291 0,7669+0,45731
w3 000011 0,7389+0,713i 0,6854+0,6748i1 0,649+0,70771 0,4449+0,4829i
w4 000100 1,2554+0,2142i 1,2615+0,17461 1,2781+0,1604i 1,004+0,174i
w5 000101 1,2348+0,3103i 1,1831+0,47061 1,0791+0,3764i 0,1371+0,1864i
wb 000110 0,7562+0,1721i 0,8301+0,1381i 0,7714+0,1301i 0,7139+0,1521i
w7 000111 0,7451+0,3181i 0,7748+0,3978i 0,7335+0,4268i 0,4208+0,16161
w3 001000 | 0,2187+1,2529i 0,1636+1,263i 0,1553+1,2788i 1,0216+0,771i
w9 001001 0,1608+0,8472i 0,1378+0,8233i 0,1327+0,8728i 0,1431+0,9083i
w10 | 001010 0,5502+1,14661 0,446+1,1929i 0,4463+1,2084i 0,7237+0,7521i
wll | 001011 0,4217+0,78271 0,3922+0,7613i 0,3935+0,81561 0,4251+0,8248i
wl2 | 001100 0,1479+0,171 0,1453+0,1451i 0,1358+0,16261 1,2711+0,1575i
wl3 | 001101 0,1574+0,47091 0,1295+0,4429i 0,1371+0,5004i 0,162+1,2706i
wl4 | 001110 0,3867+0,16951 0,4504+0,14261 0,427+0,14841i 0,7403+1,045i1
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wl5 | 001111 0,3923+0,4332i 0,4124+0,42071 0,406+0,4481i 0,4693+1,19171
wl6 | 010000 1,0569-0,70891 0,8757-0,92471 0,937-0,8841i 1,1723-0,5141i
wl7 | 010001 1,0841-0,6678i 1,045-0,7281 1,1063-0,6601i 0,1476-0,5364i
wl8 | 010010 | 0,819-0,9734i 0,7024-1,0623i 0,7126-1,0729i 0,7669-0,45731
w19 | 010011 0,7389-0,7131 0,6854-0,67481 0,649-0,70771 0,4449-0,48291
w20 | 010100 1,2554-0,2142i 1,2615-0,1746i 1,2781-0,1604i 1,004-0,174i
w21 | 010101 1,2348-0,31031 1,1831-0,47061 1,0791-0,3764i 0,1371-0,1864i
w22 | 010110 | 0,7562-0,1721i 0,8301-0,1381i 0,7714-0,1301i 0,7139-0,1521i
w23 | 010111 0,7451-0,31811 0,7748-0,3978i 0,7335-0,42681 0,4208-0,1616i
w24 | 011000 | 0,2187-1,2529i 0,1636-1,263i 0,1553-1,2788i 1,0216-0,771i
w25 | 011001 0,1608-0,8472i 0,1378-0,8233i 0,1327-0,8728i 0,1431-0,9083i1
w26 | 011010 | 0,5502-1,1466i 0,446-1,19291 0,4463-1,2084i 0,7237-0,7521i
w27 | 011011 0,4217-0,78271 0,3922-0,7613i 0,3935-0,8156i 0,4251-0,8248i
w28 | 011100 | 0,1479-0,171 0,1453-0,1451i 0,1358-0,1626i 1,2711-0,1575i
w29 | 011101 0,1574-0,47091 0,1295-0,4429i1 0,1371-0,50041 0,162-1,2706i
w30 | 011110 | 0,3867-0,16951 0,4504-0,14261 0,427-0,14841 0,7403-1,0451
w3l | 011111 0,3923-0,43321 0,4124-0,42071 0,406-0,44811 0,4693-1,1917i
w32 | 100000 -1,0569+0,70891 -0,8757+0,92471 | -0,937+0,88411 -1,1723+0,5141i
w33 | 100001 -1,0841+0,66781 -1,045+0,7281 -1,1063+0,6601i | -0,1476+0,5364i
w34 | 100010 -0,819+0,9734i -0,7024+1,06231 | -0,7126+1,07291 | -0,7669+0,4573i
w35 | 100011 -0,7389+0,7131 -0,6854+0,67481 | -0,649+0,70771 -0,4449+0,48291
w36 | 100100 -1,255440,2142i -1,2615+0,17461 | -1,2781+0,1604i | -1,004+0,174i
w37 | 100101 -1,234840,3103i1 -1,1831+0,47061 | -1,079140,3764i | -0,1371+0,1864i
w38 | 100110 -0,7562+0,1721i -0,8301+0,1381i | -0,7714+0,1301i | -0,7139+0,1521i
w39 | 100111 -0,745140,3181i -0,7748+0,39781 | -0,7335+0,4268i | -0,4208+0,1616i
w40 | 101000 -0,2187+1,2529i1 -0,1636+1,263i -0,1553+1,27881 | -1,0216+0,771i
w4l | 101001 -0,1608+0,8472i -0,137840,82331 | -0,1327+0,87281i | -0,1431+0,90831
w42 | 101010 -0,5502+1,14661 -0,446+1,1929i -0,4463+1,20841 | -0,7237+0,7521i
w43 | 101011 -0,421740,78271 -0,3922+0,7613i | -0,3935+0,8156i | -0,4251+0,8248i
w44 | 101100 -0,1479+0,171 -0,1453+0,14511 | -0,1358+0,1626i | -1,2711+0,15751
w45 | 101101 -0,157440,47091 -0,1295+0,44291 | -0,1371+0,5004i | -0,162+1,2706i
w46 | 101110 -0,3867+0,16951 -0,4504+0,14261 | -0,427+0,1484i -0,7403+1,0451
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w47 | 101111 -0,3923+0,4332i -0,4124+0,42071 | -0,406+0,4481i -0,4693+1,1917i
w48 | 110000 -1,0569-0,70891 -0,8757-0,92471 -0,937-0,8841i -1,1723-0,5141i
w49 | 110001 -1,0841-0,6678i -1,045-0,7281 -1,1063-0,66011 -0,1476-0,5364i
w50 | 110010 -0,819-0,9734i -0,7024-1,0623i1 -0,7126-1,07291 -0,7669-0,4573i
w51 | 110011 -0,7389-0,7131 -0,6854-0,67481 -0,649-0,7077i -0,4449-0,48291
w52 | 110100 -1,2554-0,2142i -1,2615-0,1746i -1,2781-0,1604i -1,004-0,174i
w33 | 110101 -1,2348-0,31031 -1,1831-0,4706i1 -1,0791-0,3764i -0,1371-0,1864i
w54 | 110110 -0,7562-0,1721i -0,8301-0,13811 -0,7714-0,13011 -0,7139-0,15211
wS5 | 110111 -0,7451-0,31811 -0,7748-0,39781 -0,7335-0,4268i -0,4208-0,1616i1
w56 | 111000 -0,2187-1,25291 -0,1636-1,263i -0,1553-1,27881 -1,0216-0,771i
w57 | 111001 -0,1608-0,8472i -0,1378-0,82331 -0,1327-0,87281 -0,1431-0,90831
w38 | 111010 -0,5502-1,1466i1 -0,446-1,1929i -0,4463-1,2084i -0,7237-0,7521i
w39 | 111011 -0,4217-0,78271 -0,3922-0,7613i -0,3935-0,8156i -0,4251-0,8243i
w60 | 111100 -0,1479-0,171 -0,1453-0,14511 -0,1358-0,1626i1 -1,2711-0,15751
w6l | 111101 -0,1574-0,47091 -0,1295-0,44291 -0,1371-0,50041 -0,162-1,27061
w62 | 111110 -0,3867-0,16951 -0,4504-0,1426i1 -0,427-0,1484i -0,7403-1,0451
w63 | 111111 -0,3923-0,4332i -0,4124-0,42071 -0,406-0,4481i -0,4693-1,1917i

wherein the bit labeling indicated in groups A, B and C may alternatively be inverted for

one or more bit labels.

8.

A transmission apparatus comprising:

modulate input data into constellation values,

mission streams to be transmitted, and

9.

A transmission apparatus as claimed in claim §,

a coding and modulation apparatus as claimed in claim 1 configured to encode and

a converter configured to convert said constellation values into one or more trans-

a transmitter configured to transmit said one or more transmission streams.

further comprising a transmitter signalling unit configured to embed transmitter signalling

information into the one or more transmission streams, said transmitter signalling infor-
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mation including one or more of a) the total number N of constellation points and the code
rate R of a constellation used, b) an indication of the constellation used, and ¢) constella-

tion points of a constellation used.

10. A transmission apparatus as claimed in claim 9,

wherein said modulation unit is configured to select using a uniform constellation instead
of one of said non-uniform constellations for modulating said cell words into constellation
values, and

wherein said transmitter signalling unit is configured to embed transmitter signalling
information into the one or more transmission streams, said transmitter signalling infor-
mation including constellation information indicating if a non-uniform constellation or a

uniform constellation has been used for modulation.

11. A transmission apparatus as claimed in claim 9,
wherein said transmitter signalling unit is configured to embed said transmitter signalling
information at the beginning of frames of a plurality of frames used for transmission of the

one or more transmission streams.

12. A transmission method comprising:

- a coding and modulation method as claimed in claim 7 that encodes and modulates
input data into constellation values,

- converting said constellation values into one or more transmission streams to be
transmitted, and

- transmitting said one or more transmission streams.

13. A demodulation and decoding apparatus comprising:
- a demodulator configured to demodulate constellation values of a non-uniform
constellation into cell words and to assign bit combinations to constellation values of the

used non-uniform constellation, and
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- a decoder configured to decode cell words into output data according to a low

density parity check code, LDPC,

wherein said demodulator is configured to use, based on signalling information indicating

the total number N of constellation points of the constellation and the code rate R,

1) a non-uniform constellation and bit labeling from a group A if N = 16, or

ii) a non-uniform constellation and bit labeling from a group B if N =32, or

i) a non-uniform constellation and bit labeling from a group C if N = 64, or

iv) a non-uniform constellation obtained from a constellation from anyone of groups A,
B or C through rotation by an angle around the origin, through inversion of bit la-
bels for all constellation points, through interchanging of bit positions, through mir-
roring on any line in the complex plane and/or through predistortion for the constel-
lation points,

wherein the constellation points are defined by a constellation position vector wo...wn.1,

and wherein the constellation position vectors of the different constellations of the groups

A, B or C of constellations are defined as follows:

A) 16-QAM non-uniform constellations of

group Al:

w bitlabel [ R=1/2(or5/80r3/4) | R=5/8(or1/20r3/4) | R=3/4(or 1/2 or 5/8)
w0 0000 0,9236+0,3833i 0,2885+0,2883i 0,2989+0,3143i
wl 0001 0,9236+0,3833i 1,085+0,3172i 1,0877+0,2957i
w2 0010 0,3833+0,9236i 0,3168+1,0851i 0,2979+1,0872i
w3 0011 0,3833+0,9236i 0,7973+0,8014i 0,8007+0,7934i
w4 0100 0,9236-0,3833i 0,2885-0,2883i 0,2989-0,3143i
w5 0101 0,9236-0,3833i 1,085-0,3172i 1,0877-0,2957i
w0 0110 0,3833-0,9236i 0,3168-1,0851i 0,2979-1,0872i
w7 0111 0,3833-0,9236i 0,7973-0,8014i 0,8007-0,7934i
w8 1000 -0,9236+0,3833i -0,2885+0,2883i -0,2989+0,3143i
w9 1001 -0,9236+0,3833i -1,085+0,3172i -1,0877+0,2957i
w10 1010 -0,3833+0,9236i -0,3168+1,0851i -0,2979+1,0872i
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wll 1011 -0,3833+0,9236i -0,7973+0,80144 -0,8007+0,7934i
wil2 1100 -0,9236-0,3833i -0,2885-0,28831 -0,2989-0,3143i
wl3 1101 -0,9236-0,3833i -1,085-0,3172i -1,0877-0,2957i
wl4 1110 -0,3833-0,9236i -0,3168-1,0851i -0,2979-1,0872i
wl5 1111 -0,3833-0,9236i -0,7973-0,8014i -0,8007-0,7934i
or group A3:

w bit label R=1/2(or 5/8or 3/4) | R=5/8 (or 1/2 or 3/4) | R=3/4 (or 1/2 or 5/8)
w0 0000 0,8429+0,2537i 0,4349+0,1989i 0,9963+0,2925i
wl 0001 0,9864+0,7471i 1,1973+0,4119i 0,9109+0,9109i
w2 0010 0,2155+0,3413i 0,2573+0,7061i 0,3034+0,3034i
w3 0011 0,3772+1,1785i 0,6759+1,0707i 0,2925+0,9963i
w4 0100 0,8429-0,2537i 0,4349-0,19891 0,9963-0,29251
w5 0101 0,9864-0,7471i 1,1973-0,4119i 0,9109-0,91091
w0 0110 0,2155-0,3413i 0,2573-0,7061i 0,3034-0,3034i
w7 0111 0,3772-1,1785i 0,6759-1,0707i 0,2925-0,9963i
w8 1000 -0,8429+0,25371 -0,4349+0,1989i -0,9963+0,2925i1
w9 1001 -0,9864+0,7471i -1,1973+0,4119i -0,9109+0,9109i
wl0 | 1010 -0,2155+0,3413i -0,2573+0,7061i -0,3034+0,3034i
wll 1011 -0,3772+1,1785i -0,6759+1,07071 -0,2925+0,9963i
wl2 | 1100 -0,8429-0,2537i -0,4349-0,19891 -0,9963-0,2925i1
wl3 | 1101 -0,9864-0,7471i -1,1973-0,4119i -0,9109-0,91091
wl4 | 1110 -0,2155-0,3413i -0,2573-0,7061i -0,3034-0,3034i
wls | 1111 -0,3772-1,17851 -0,6759-1,0707i -0,2925-0,9963i

B) 32-QAM non-uniform constellations of

group Bl:

w bitlabel | R=1/2(or5/8or | R = 5/8 (or 12 | R = 3/4 (or 1/2 | R =13/16 (or 12
3/4 or 13/16) or 3/4 or 13/16) or 5/8 or 13/16) or 5/8 or 3/4)

w0 00000 1,0304+0,444i 1,0971+0,18i 1,1563+0,20841 | 1,146+0,1942i

wl 00001 1,1103+0,16161 | 0,4907+0,2208i | 0,6667+0,2352i | 1,0305+0,53891
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w2 00010 0,8946+0,67721 | 1,02+0,4423i 1,039+0,54841i 0,6951+0,233i
w3 00011 0,4346+0,20631 | 0,8817+0,6772i | 0,8367+0,8248i | 0,8267+0,81771
w4 00100 0,4202+1,0404i | 0,18+1,0971i 0,2126+0,66661 | 0,2293+0,7058i
w5 00101 0,1661+1,1091i | 0,2211+0,49581 | 0,2344+0,23191 | 0,2086+1,144i
wo6 00110 0,6736+0,89661 | 0,4431+1,01961 | 0,1868+1,16i 0,2677+0,2828i
w7 00111 0,1981+0,42231 | 0,6778+0,8812i | 0,5438+1,04151 | 0,5548+1,0221i
w3 01000 1,0304-0,4441 1,0971-0,18i 1,1563-0,2084i 1,146-0,1942i
w9 01001 1,1103-0,1616i 0,4907-0,2208i | 0,6667-0,2352i 1,0305-0,5389i1
w10 01010 0,8946-0,6772i 1,02-0,4423i 1,039-0,5484i 0,6951-0,233i
wll 01011 0,4346-0,2063i 0,8817-0,6772i | 0,8367-0,8248i | 0,8267-0,8177i
wi2 01100 0,4202-1,0404i 0,18-1,0971i 0,2126-0,6666i | 0,2293-0,7058i
wl3 01101 0,1661-1,1091i 0,2211-0,4958i 0,2344-0,23191 0,2086-1,144i
wl4 01110 0,6736-0,8966i 0,4431-1,0196i | 0,1868-1,16i 0,2677-0,2828i
wl5 01111 0,1981-0,4223i 0,6778-0,8812i 0,5438-1,0415i 0,5548-1,02211
wl6 10000 -1,0304+0,4441 -1,0971+0,18i -1,1563+0,2084i | -1,146+0,1942i
w17 10001 -1,1103+0,1616i | -0,4907+0,22081 | -0,6667+0,2352i | -1,0305+0,5389i
wlig 10010 -0,8946+0,6772i | -1,02+0,4423i -1,039+0,54841 | -0,6951+0,233i
w19 10011 -0,4346+0,20631 | -0,8817+0,67721 | -0,8367+0,8248i | -0,8267+0,8177i
w20 10100 -0,4202+1,0404i | -0,18+1,0971i -0,2126+0,66661 | -0,2293+0,70581
w21 10101 -0,1661+1,1091i | -0,2211+0,4958i1 | -0,2344+0,2319i | -0,2086+1,144i
w22 10110 -0,6736+0,89661 | -0,4431+1,01961 | -0,1868+1,16i -0,2677+0,2828i
w23 10111 -0,1981+0,42231 | -0,6778+0,88121 | -0,5438+1,04151 | -0,5548+1,0221i
w24 11000 -1,0304-0,444i -1,0971-0,18i -1,1563-0,2084i | -1,146-0,1942i
w25 11001 -1,1103-0,1616i | -0,4907-0,2208i | -0,6667-0,23521 | -1,0305-0,53891
w26 11010 -0,8946-0,6772i | -1,02-0,4423i -1,039-0,5484i -0,6951-0,233i
w27 11011 -0,4346-0,2063i | -0,8817-0,6772i | -0,8367-0,82481 | -0,8267-0,81771
w28 11100 -0,4202-1,04041 | -0,18-1,0971i -0,2126-0,66661 | -0,2293-0,7058i
w29 11101 -0,1661-1,1091i | -0,2211-0,49581 | -0,2344-0,23191 | -0,2086-1,144i
w30 11110 -0,6736-0,89661 | -0,4431-1,0196i1 | -0,1868-1,16i -0,2677-0,2828i
w31 11111 -0,1981-0,4223i | -0,6778-0,8812i | -0,5438-1,04151 | -0,5548-1,0221i
or group B3:
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w bit R=1/2(or 5/8or | R = 5/8 (or 1/2 | R=3/4 (or 1/20or | R = 13/16 (or
label 3/4 or 13/16) or 3/4 or 13/16) | 5/8 or 13/16) 1/2 or 5/8 or
3/4)
w0 | 00000 | 0,6588+0,2335i 0,6258+0,171i 0,7734+0,1898i 0,2229+0,2243i
wl | 00001 1,152+0,1943i 1,1753+0,2181i | 1,1905+0,2491i 0,7488+0,1887i
w2 | 00010 | 0,8934+0,7527i 0,2219+0,2216i | 0,6881+0,5652i 0,6173+1,0647i
w3 | 00011 1,0419+0,5284i 1,0354+0,59751 | 0,9811+0,7188i 1,2067+0,242i
w4 | 00100 | 0,2537+0,30061 0,1925+1,1798i | 0,2475+0,2277i 0,2183+0,7125i
w5 | 00101 0,1583+0,7127i 0,5389+1,0671 0,2041+1,199i 0,6249+0,5473i
w6 | 00110 | 0,6045+0,9997i 0,2194+0,6207i | 0,2562+0,6908i 0,2129+1,2121i
w7 | 00111 0,25+1,1412i 0,7778+0,8523i | 0,6044+1,0554i 1,0247+0,6815i
w8 | 01000 | 0,6588-0,2335i 0,6258-0,171i 0,7734-0,1898i 0,2229-0,2243i
w9 | 01001 1,152-0,1943i 1,1753-0,2181i 1,1905-0,2491i 0,7488-0,1887i
wl0 | 01010 | 0,8934-0,7527i 0,2219-0,2216i 0,6881-0,5652i 0,6173-1,0647i
wll | 01011 1,0419-0,5284i 1,0354-0,5975i 0,9811-0,7188i 1,2067-0,242i
wl2 | 01100 | 0,2537-0,3006i 0,1925-1,1798i 0,2475-0,2277i 0,2183-0,7125i
w13 | 01101 0,1583-0,7127i 0,5389-1,067i 0,2041-1,199i 0,6249-0,5473i
wl4 | 01110 | 0,6045-0,9997i 0,2194-0,6207i 0,2562-0,6908i 0,2129-1,2121i
wl5 | 01111 0,25-1,1412i 0,7778-0,8523i 0,6044-1,0554i 1,0247-0,68151
w16 | 10000 -0,6588+0,2335i -0,6258+0,171i -0,7734+0,1898i -0,2229+0,2243i
w17 | 10001 -1,152+40,1943i -1,1753+0,2181i | -1,1905+0,2491i -0,7488+0,1887i
wl8 | 10010 -0,8934+0,7527i -0,2219+0,22161 | -0,6881+0,5652i -0,6173+1,0647i
w19 | 10011 -1,0419+0,5284i -1,0354+0,59751 | -0,9811+0,7188i -1,2067+0,242i
w20 | 10100 -0,2537+0,3006i -0,1925+1,17981 | -0,2475+0,2277i -0,2183+0,71251
w21 | 10101 -0,1583+0,7127i -0,5389+1,067i -0,2041+1,199i -0,6249+0,5473i
w22 | 10110 -0,6045+0,99971 -0,2194+0,62071 | -0,2562+0,6908i -0,2129+1,2121i
w23 | 10111 -0,25+1,1412i -0,7778+0,85231 | -0,6044+1,0554i -1,0247+0,68151
w24 | 11000 -0,6588-0,23351 -0,6258-0,171i -0,7734-0,1898i -0,2229-0,2243i
w25 | 11001 -1,152-0,1943i -1,1753-0,2181i | -1,1905-0,2491i -0,7488-0,1887i
w26 | 11010 -0,8934-0,7527i -0,2219-0,22161 | -0,6881-0,5652i -0,6173-1,0647i
w27 | 11011 -1,0419-0,5284i -1,0354-0,5975i | -0,9811-0,7188i -1,2067-0,242i
w28 | 11100 -0,2537-0,30061 -0,1925-1,1798i | -0,2475-0,2277i -0,2183-0,7125i
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w29 | 11101 -0,1583-0,71271 -0,5389-1,0671 -0,2041-1,1991 -0,6249-0,5473i
w30 | 11110 -0,6045-0,99971 -0,2194-0,62071 | -0,2562-0,6908i -0,2129-1,2121i
w31 | 11111 -0,25-1,1412i -0,7778-0,85231 | -0,6044-1,0554i -1,0247-0,68151

C) 64-QAM non-uniform constellations of

group Cl:
w bitlabel | R = 1/2 (or 5/8 | R = 5/8 (or 172 | R = 3/4 (or 1/2 | R =13/16 (or 1/2
or 3/4 or 13/16) or 3/4 or 13/16) or 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 | 0,2287+0,5143i | 0,1978+0,1981 1,0605+0,5953i | 0,873+0,8874i
wl 000001 | 0,2116+1,09181 | 0,1916+1,19851 | 0,17964+0,4943i | 1,0395+0,6848i
w2 000010 | 0,2828+0,55351 | 0,4969+0,1984i | 0,756240,4956i | 0,6726+1,0474i
w3 000011 | 0,214+1,08881 0,4757+1,11661 | 0,4954+0,51261i | 0,6771+0,66191
w4 000100 | 0,6913+0,8711i | 0,1862+0,5083i | 1,15744+0,37351 | 1,2358+0,1495i1
w3 000101 | 0,461+1,012i 0,171+0,84281 0,1887+0,1816i | 1,1669+0,4334i
wo6 000110 | 0,6929+0,86971 | 0,479+0,52571 0,8128+0,1991 0,8923+0,13871
w7 000111 | 0,4624+1,0114i | 0,4272+0,8201i | 0,5012+40,183i 0,8067+0,4041
w3 001000 | 0,3191+0,20571 | 1,1727+0,31251 | 0,9378+0,7743i | 0,1465+1,2361i
w9 001001 1,0956+0,1876i | 1,2022+0,1671i | 0,1694+0,82361 | 0,1412+0,88991
w10 001010 | 0,5092+0,2494i | 0,7798+0,20351 | 0,791140,9225i | 0,4261+1,16951
wll 001011 1,093+0,20061 0,6806+1,00491 | 0,4477+0,7791 0,413+0,79551
wl2 001100 | 0,8876+0,671 1,0766+0,5604i | 1,2059+0,157i 0,1641+0,164i
wl3 001101 1,0256+0,42991 | 0,9914+0,7003i | 0,1661+1,20481 | 0,1442+0,5197i
wl4 001110 | 0,8899+0,6666i | 0,7425+0,50681 | 0,6275+1,0418i | 0,5218+0,1427i
wls 001111 1,0227+0,43681 | 0,8329+0,88261 | 0,4264+1,1388i | 0,4324+0,43391
w16 010000 | 0,2287-0,5143i | 0,1978-0,1981 1,0605-0,59531 | 0,873-0,8874i
wl7 010001 | 0,2116-1,0918i | 0,1916-1,1985i | 0,1796-0,4943i 1,0395-0,6848i
wlg 010010 | 0,2828-0,55351 | 0,4969-0,1984i | 0,7562-0,49561 | 0,6726-1,0474i
wl9 010011 | 0,214-1,0888i 0,4757-1,1166i | 0,4954-0,51261 | 0,6771-0,66191
w20 010100 | 0,6913-0,8711i | 0,1862-0,5083i 1,1574-0,37351 1,2358-0,14951
w21 010101 | 0,461-1,012i 0,171-0,84281 0,1887-0,1816i 1,1669-0,4334i
w22 010110 | 0,6929-0,8697i | 0,479-0,5257i 0,8128-0,1991 0,8923-0,13871
w23 010111 | 0,4624-1,0114i | 0,4272-0,8201i | 0,5012-0,183i 0,8067-0,404i
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w24 011000 | 0,3191-0,2057i | 1,1727-0,31251 | 0,9378-0,77431 | 0,1465-1,23611i
w25 011001 1,0956-0,1876i | 1,2022-0,1671i | 0,1694-0,8236i | 0,1412-0,8899i
w26 011010 | 0,5092-0,2494i | 0,7798-0,20351 | 0,7911-0,92251 | 0,4261-1,16951
w27 011011 1,093-0,20061 0,6806-1,00491 | 0,4477-0,7791 0,413-0,79551
w28 011100 | 0,8876-0,67i 1,0766-0,5604i 1,2059-0,1571 0,1641-0,164i
w29 011101 1,0256-0,4299i | 0,9914-0,70031 | 0,1661-1,2048i | 0,1442-0,5197i
w30 011110 | 0,8899-0,6666i | 0,7425-0,5068i | 0,6275-1,04181 | 0,5218-0,1427i
w3l 011111 1,0227-0,4368i | 0,8329-0,88261 | 0,4264-1,1388i | 0,4324-0,4339i
w32 100000 | -0,228740,5143i | -0,1978+0,198i | -1,0605+0,5953i | -0,87340,8874i
w33 100001 | -0,2116+1,0918i | -0,1916+1,19851 | -0,1796+0,4943i | -1,0395+0,6848i
w34 100010 | -0,282840,55351 | -0,4969+0,1984i | -0,7562+0,49561 | -0,6726+1,0474i
w35 100011 | -0,214+1,0888i | -0,4757+1,11661 | -0,4954+0,5126i | -0,6771+0,6619i
w36 100100 | -0,6913+0,8711i | -0,1862+0,5083i | -1,1574+0,37351 | -1,2358+0,1495i1
w37 100101 | -0,461+1,012i -0,17140,84281i | -0,1887+0,18161 | -1,1669+0,4334i
w38 100110 | -0,6929+0,8697i | -0,479+0,5257i | -0,8128+0,1991 | -0,8923+0,1387i
w39 100111 | -0,4624+1,0114i | -0,4272+0,8201i | -0,5012+0,183i | -0,8067+0,4041
w40 101000 | -0,319140,2057i | -1,172740,31251 | -0,9378+0,7743i | -0,1465+1,2361i
w4l 101001 | -1,0956+0,1876i | -1,2022+0,1671i | -0,1694+0,8236i | -0,1412+0,8899i
w42 101010 | -0,509240,2494i | -0,7798+0,20351 | -0,7911+0,92251 | -0,4261+1,1695i1
w43 101011 | -1,093+0,2006i | -0,6806+1,00491 | -0,4477+0,7791 | -0,41340,79551
w4 101100 | -0,8876+0,67i -1,0766+0,5604i | -1,2059+0,1571 | -0,1641+0,164i
w45 101101 | -1,02564+0,4299i | -0,9914+0,7003i | -0,1661+1,2048i | -0,1442+0,5197i
w46 101110 | -0,8899+0,6666i | -0,7425+0,50681 | -0,6275+1,0418i | -0,5218+0,1427i
w47 101111 | -1,022740,43681 | -0,8329+0,88261 | -0,4264+1,1388i | -0,4324+0,4339i
w48 110000 | -0,2287-0,5143i | -0,1978-0,198i -1,0605-0,59531 | -0,873-0,8874i
w49 110001 | -0,2116-1,0918i | -0,1916-1,19851 | -0,1796-0,4943i | -1,0395-0,6848i
w30 110010 | -0,2828-0,55351 | -0,4969-0,1984i | -0,7562-0,49561 | -0,6726-1,0474i
wsl 110011 | -0,214-1,08881 -0,4757-1,11661 | -0,4954-0,5126i | -0,6771-0,66191
w32 110100 | -0,6913-0,8711i | -0,1862-0,50831 | -1,1574-0,37351 | -1,2358-0,1495i
w53 110101 | -0,461-1,012i -0,171-0,8428i -0,1887-0,18161 | -1,1669-0,4334i
w4 110110 | -0,6929-0,86971 | -0,479-0,52571 -0,8128-0,1991 -0,8923-0,13871
w55 110111 | -0,4624-1,0114i | -0,4272-0,82011 | -0,5012-0,183i -0,8067-0,404i
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w56 111000 | -0,3191-0,2057i | -1,1727-0,3125i | -0,9378-0,77431 | -0,1465-1,2361i
w57 111001 | -1,0956-0,1876i | -1,2022-0,1671i | -0,1694-0,8236i | -0,1412-0,8899i
w58 111010 | -0,5092-0,2494i | -0,7798-0,2035i | -0,7911-0,9225i | -0,4261-1,1695i
w59 111011 | -1,093-0,2006i -0,6806-1,00491 | -0,4477-0,7791 -0,413-0,79551
w60 111100 | -0,8876-0,67i -1,0766-0,5604i | -1,2059-0,157i -0,1641-0,164i
w61 111101 | -1,0256-0,4299i | -0,9914-0,7003i | -0,1661-1,2048i | -0,1442-0,5197i
w62 111110 | -0,8899-0,6666i | -0,7425-0,5068i | -0,6275-1,0418i | -0,5218-0,1427i
w03 111111 | -1,0227-0,43681 | -0,8329-0,8826i | -0,4264-1,1388i | -0,4324-0,4339i
or group C2:
w bit R =1/2 (or 5/8 or | R=5/8 (or 1/20r | R = 3/4 (or 1/2 or | R =13/16 (or 1/2
label 3/4 or 13/16) 3/4 or 13/16) 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 | 0,1298+0,2084i 0,3328+0,1665i | 0,9596+0,4358i 1,022+0,4536i
wl 000001 | 0,1883+1,3627i 0,5435+1,2609i | 0,1328+0,5092i 0,1374+0,4738i
w2 000010 | 0,217+0,4464i 0,1217+0,1744i | 0,6561+0,4543i 0,6985+0,44991
w3 000011 | 0,1269+0,764i 0,1904+1,3623i | 0,3855+0,4909i 0,413+0,4891i
w4 000100 | 0,7986+1,12i 0,3528+0,4894i | 0,9773+0,1483i 1,0021+0,1484i
w5 000101 | 0,4538+1,1748i 0,4073+0,8478i | 0,1256+0,1724i 0,1339+0,1575i
w0 000110 | 0,4822+0,6563i 0,1288+0,5124i | 0,6457+0,1512i 0,6852+0,1497i
w7 000111 | 0,3148+0,8326i 0,1465+0,8935i | 0,3703+0,1633i 0,4014+0,16051
w8 001000 | 0,2328+0,1185i 0,5998+0,1505i1 1,2035+0,6663i 1,147+0,7594i
w9 001001 | 1,3637+0,1808i 0,8781+1,05891 | 0,1492+0,8611i 0,1479+0,8049i
w10 | 001010 | 0,4762+0,2045i 0,9411+0,1492i | 0,7306+0,7613i 0,7571+0,75951
wll | 001011 | 0,827+0,1328i 1,3582+0,218i 0,4377+0,8492i 0,4503+0,8438i
wl2 | 001100 | 1,0652+0,8657i 0,6339+0,45451 1,3574+0,2231i 1,3596+0,20951
w13 | 001101 | 1,262+0,5438i 0,7138+0,7632i | 0,1858+1,2632i 0,1659+1,1736i
wl4 | 001110 | 0,6765+0,4967i 0,9294+0,41891 | 0,9009+1,0396i 0,841+1,0885i1
wl5 | 001111 | 0,8548+0,3591i 1,1995+0,6617i | 0,5564+1,2461i 0,5064+1,2593i
wl6 | 010000 | 0,1298-0,2084i 0,3328-0,16651 0,9596-0,4358i 1,022-0,45361
wl7 | 010001 | 0,1883-1,3627i 0,5435-1,26091 0,1328-0,5092i 0,1374-0,4738i
wl8 | 010010 | 0,217-0,4464i 0,1217-0,1744i 0,6561-0,4543i 0,6985-0,44991
w19 | 010011 | 0,1269-0,764i 0,1904-1,3623i 0,3855-0,49091 0,413-0,4891i
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w20 | 010100 | 0,7986-1,12i 0,3528-0,48941 0,9773-0,1483i 1,0021-0,14841
w21 [ 010101 | 0,4538-1,1748i 0,4073-0,84781 0,1256-0,1724i 0,1339-0,15751
w22 | 010110 | 0,4822-0,6563i 0,1288-0,5124i 0,6457-0,1512i 0,6852-0,14971
w23 | 010111 | 0,3148-0,8326i 0,1465-0,8935i1 0,3703-0,1633i 0,4014-0,16051
w24 | 011000 | 0,2328-0,1185i1 0,5998-0,15051 1,2035-0,66631 1,147-0,7594i
w25 | 011001 | 1,3637-0,1808i 0,8781-1,05891 0,1492-0,8611i 0,1479-0,80491
w26 | 011010 | 0,4762-0,20451 0,9411-0,1492i 0,7306-0,7613i 0,7571-0,75951
w27 | 011011 | 0,827-0,1328i 1,3582-0,218i 0,4377-0,8492i 0,4503-0,84381
w28 | 011100 | 1,0652-0,8657i 0,6339-0,45451 1,3574-0,2231i 1,3596-0,20951
w29 | 011101 | 1,262-0,5438i 0,7138-0,7632i 0,1858-1,2632i 0,1659-1,1736i
w30 | 011110 | 0,6765-0,4967i 0,9294-0,4189%1 0,9009-1,0396i 0,841-1,08851
w3l [ 011111 | 0,8548-0,3591i 1,1995-0,6617i 0,5564-1,2461i 0,5064-1,2593i
w32 | 100000 | -0,1298+40,2084i -0,3328+0,16651 | -0,9596+0,43581 | -1,022+0,4536i
w33 100001 | -0,1883+1,3627i -0,5435+1,26091 | -0,1328+0,5092i | -0,1374+0,4738i
w34 | 100010 | -0,217+0,4464i -0,1217+0,17441 | -0,6561+0,45431 | -0,6985+0,44991
w35 100011 | -0,1269+0,764i -0,1904+1,36231 | -0,3855+0,49091 | -0,413+0,4891i
w36 | 100100 | -0,7986+1,12i -0,352840,48941 | -0,9773+0,14831 | -1,002140,1484i
w37 | 100101 | -0,4538+1,1748i -0,4073+0,84781 | -0,1256+0,1724i | -0,1339+40,15751
w38 100110 | -0,4822+0,6563i -0,1288+0,5124i | -0,6457+0,15121 | -0,6852+40,14971
w39 | 100111 | -0,3148+0,8326i -0,1465+0,89351 | -0,3703+0,1633i | -0,4014+40,16051
w40 | 101000 | -0,2328+40,11851 -0,5998+0,15051 | -1,2035+0,6663i | -1,147+0,7594i
w4l 101001 | -1,3637+0,18081 -0,8781+1,05891 | -0,1492+0,8611i | -0,1479+0,80491
w42 | 101010 | -0,4762+0,20451 -0,9411+0,1492i | -0,7306+0,7613i | -0,757140,75951
w43 101011 | -0,827+0,1328i -1,358240,2181 -0,43774+0,84921 | -0,4503+0,8438i
w44 | 101100 | -1,0652+0,8657i -0,6339+0,45451 | -1,3574+0,2231i | -1,3596+40,20951
w45 101101 | -1,262+0,5438i -0,7138+0,76321 | -0,1858+1,2632i | -0,1659+1,1736i
w46 | 101110 | -0,6765+0,49671 -0,9294+0,41891 | -0,9009+1,0396i | -0,841+1,08851
w47 | 101111 | -0,8548+40,3591i -1,1995+0,66171 | -0,5564+1,2461i | -0,5064+1,2593i
w48 110000 | -0,1298-0,20841 -0,3328-0,16651 | -0,9596-0,4358i -1,022-0,4536i
w49 | 110001 | -0,1883-1,3627i -0,5435-1,26091 | -0,1328-0,50921 -0,1374-0,47381
w50 | 110010 | -0,217-0,4464i -0,1217-0,1744i | -0,6561-0,4543i -0,6985-0,44991
wsl 110011 | -0,1269-0,764i -0,1904-1,3623i | -0,3855-0,49091 -0,413-0,48911
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w52 110100 | -0,7986-1,12i -0,3528-0,48941 | -0,9773-0,1483i -1,0021-0,1484i
w53 110101 | -0,4538-1,1748i -0,4073-0,84781 | -0,1256-0,1724i -0,1339-0,1575i
w54 110110 | -0,4822-0,6563i -0,1288-0,51241 | -0,6457-0,1512i -0,6852-0,1497i
w55 110111 | -0,3148-0,8326i -0,1465-0,89351 | -0,3703-0,1633i -0,4014-0,16051
w56 111000 | -0,2328-0,11851 -0,5998-0,15051 | -1,2035-0,6663i -1,147-0,7594i
w57 111001 | -1,3637-0,1808i -0,8781-1,05891 | -0,1492-0,8611i -0,1479-0,8049i
w58 111010 | -0,4762-0,20451 -0,9411-0,14921 | -0,7306-0,7613i -0,7571-0,7595i1
w59 111011 | -0,827-0,1328i -1,3582-0,218i -0,4377-0,8492i1 -0,4503-0,8438i
w60 111100 | -1,0652-0,86571 -0,6339-0,45451 | -1,3574-0,2231i -1,3596-0,20951
wol 111101 | -1,262-0,5438i -0,7138-0,76321 | -0,1858-1,2632i -0,1659-1,1736i
w62 111110 | -0,6765-0,49671 -0,9294-0,41891 | -0,9009-1,0396i -0,841-1,0885i1
w63 111111 | -0,8548-0,3591i -1,1995-0,66171 | -0,5564-1,2461i -0,5064-1,2593i
or group C3:
w bitlabel | R=1/2 (or 5/8 or | R=5/8 (or 1/2 or | R =3/4 (or 1/2 or | R = 13/16 (or 1/2
3/4 or 13/16) 3/4 or 13/16) 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 1,0569+0,70891 0,8757+0,9247i 0,937+0,8841i 1,1723+0,5141i
wl 000001 1,0841+0,6678i 1,045+0,728i 1,1063+0,66011 0,1476+0,5364i
w2 000010 | 0,819+0,9734i 0,7024+1,0623i 0,7126+1,07291 0,7669+0,45731
w3 000011 0,7389+0,713i 0,6854+0,6748i1 0,649+0,70771 0,4449+0,4829i
w4 000100 1,2554+0,2142i 1,2615+0,17461 1,2781+0,1604i 1,004+0,174i
w5 000101 1,2348+0,3103i 1,1831+0,47061 1,0791+0,3764i 0,1371+0,1864i
wb 000110 0,7562+0,1721i 0,8301+0,1381i 0,7714+0,1301i 0,7139+0,1521i
w7 000111 0,7451+0,3181i 0,7748+0,3978i 0,7335+0,4268i 0,4208+0,16161
w3 001000 | 0,2187+1,2529i 0,1636+1,263i 0,1553+1,2788i 1,0216+0,771i
w9 001001 0,1608+0,8472i 0,1378+0,8233i 0,1327+0,8728i 0,1431+0,9083i
w10 | 001010 0,5502+1,14661 0,446+1,1929i 0,4463+1,2084i 0,7237+0,7521i
wll | 001011 0,4217+0,78271 0,3922+0,7613i 0,3935+0,81561 0,4251+0,8248i
wl2 | 001100 0,1479+0,171 0,1453+0,1451i 0,1358+0,16261 1,2711+0,1575i
wl3 | 001101 0,1574+0,47091 0,1295+0,4429i 0,1371+0,5004i 0,162+1,2706i
wl4 | 001110 0,3867+0,16951 0,4504+0,14261 0,427+0,14841i 0,7403+1,045i1
wl5 | 001111 0,3923+0,4332i 0,4124+0,42071 0,406+0,4481i 0,4693+1,19171
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wl6 | 010000 1,0569-0,70891 0,8757-0,92471 0,937-0,8841i 1,1723-0,5141i
wl7 | 010001 1,0841-0,6678i 1,045-0,7281 1,1063-0,6601i 0,1476-0,5364i
wl8 | 010010 | 0,819-0,9734i 0,7024-1,0623i 0,7126-1,0729i 0,7669-0,45731
w19 | 010011 0,7389-0,7131 0,6854-0,67481 0,649-0,70771 0,4449-0,48291
w20 | 010100 1,2554-0,2142i 1,2615-0,1746i 1,2781-0,1604i 1,004-0,174i
w21 | 010101 1,2348-0,31031 1,1831-0,47061 1,0791-0,3764i 0,1371-0,1864i
w22 | 010110 | 0,7562-0,1721i 0,8301-0,1381i 0,7714-0,1301i 0,7139-0,1521i
w23 | 010111 0,7451-0,31811 0,7748-0,3978i 0,7335-0,42681 0,4208-0,1616i
w24 | 011000 | 0,2187-1,2529i 0,1636-1,263i 0,1553-1,2788i 1,0216-0,771i
w25 | 011001 0,1608-0,8472i 0,1378-0,8233i 0,1327-0,8728i 0,1431-0,9083i1
w26 | 011010 | 0,5502-1,1466i 0,446-1,19291 0,4463-1,2084i 0,7237-0,7521i
w27 | 011011 0,4217-0,78271 0,3922-0,7613i 0,3935-0,8156i 0,4251-0,8248i
w28 | 011100 | 0,1479-0,171 0,1453-0,1451i 0,1358-0,1626i 1,2711-0,1575i
w29 | 011101 0,1574-0,47091 0,1295-0,4429i1 0,1371-0,50041 0,162-1,2706i
w30 | 011110 | 0,3867-0,16951 0,4504-0,14261 0,427-0,14841 0,7403-1,0451
w3l | 011111 0,3923-0,43321 0,4124-0,42071 0,406-0,44811 0,4693-1,1917i
w32 | 100000 -1,0569+0,70891 -0,8757+0,92471 | -0,937+0,88411 -1,1723+0,5141i
w33 | 100001 -1,0841+0,66781 -1,045+0,7281 -1,1063+0,6601i | -0,1476+0,5364i
w34 | 100010 -0,819+0,9734i -0,7024+1,06231 | -0,7126+1,07291 | -0,7669+0,4573i
w35 | 100011 -0,7389+0,7131 -0,6854+0,67481 | -0,649+0,70771 -0,4449+0,48291
w36 | 100100 -1,255440,2142i -1,2615+0,17461 | -1,2781+0,1604i | -1,004+0,174i
w37 | 100101 -1,234840,3103i1 -1,1831+0,47061 | -1,079140,3764i | -0,1371+0,1864i
w38 | 100110 -0,7562+0,1721i -0,8301+0,1381i | -0,7714+0,1301i | -0,7139+0,1521i
w39 | 100111 -0,745140,3181i -0,7748+0,39781 | -0,7335+0,4268i | -0,4208+0,1616i
w40 | 101000 -0,2187+1,2529i1 -0,1636+1,263i -0,1553+1,27881 | -1,0216+0,771i
w4l | 101001 -0,1608+0,8472i -0,137840,82331 | -0,1327+0,87281i | -0,1431+0,90831
w42 | 101010 -0,5502+1,14661 -0,446+1,19291 -0,4463+1,20841 | -0,7237+0,7521i
w43 | 101011 -0,421740,78271 -0,3922+0,7613i | -0,3935+0,8156i | -0,4251+0,8248i
w44 | 101100 -0,1479+0,171 -0,1453+0,14511 | -0,1358+0,1626i | -1,2711+0,15751
w45 | 101101 -0,157440,47091 -0,1295+0,44291 | -0,1371+0,5004i | -0,162+1,2706i
w46 | 101110 -0,3867+0,16951 -0,4504+0,14261 | -0,427+0,1484i -0,7403+1,0451
w47 | 101111 -0,3923+0,4332i -0,4124+0,42071 | -0,406+0,4481i -0,4693+1,1917i
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w48 | 110000 -1,0569-0,70891 -0,8757-0,92471 -0,937-0,8841i -1,1723-0,5141i
w49 | 110001 -1,0841-0,6678i -1,045-0,7281 -1,1063-0,66011 -0,1476-0,5364i
w50 | 110010 -0,819-0,9734i -0,7024-1,0623i1 -0,7126-1,07291 -0,7669-0,4573i
w51 | 110011 -0,7389-0,7131 -0,6854-0,67481 -0,649-0,7077i -0,4449-0,48291
w52 | 110100 -1,2554-0,2142i -1,2615-0,1746i -1,2781-0,1604i -1,004-0,174i
w33 | 110101 -1,2348-0,31031 -1,1831-0,4706i1 -1,0791-0,3764i -0,1371-0,1864i
w54 | 110110 -0,7562-0,1721i -0,8301-0,13811 -0,7714-0,13011 -0,7139-0,15211
wS5 | 110111 -0,7451-0,31811 -0,7748-0,39781 -0,7335-0,4268i -0,4208-0,1616i1
w56 | 111000 -0,2187-1,25291 -0,1636-1,263i -0,1553-1,27881 -1,0216-0,771i
w57 | 111001 -0,1608-0,8472i -0,1378-0,82331 -0,1327-0,87281 -0,1431-0,90831
w38 | 111010 -0,5502-1,1466i1 -0,446-1,1929i -0,4463-1,2084i -0,7237-0,7521i
w39 | 111011 -0,4217-0,78271 -0,3922-0,7613i -0,3935-0,8156i -0,4251-0,8243i
w60 | 111100 -0,1479-0,171 -0,1453-0,14511 -0,1358-0,1626i1 -1,2711-0,15751
w6l | 111101 -0,1574-0,47091 -0,1295-0,44291 -0,1371-0,50041 -0,162-1,27061
w62 | 111110 -0,3867-0,16951 -0,4504-0,1426i1 -0,427-0,1484i -0,7403-1,0451
w63 | 111111 -0,3923-0,4332i -0,4124-0,42071 -0,406-0,4481i -0,4693-1,1917i

wherein the bit labeling indicated in groups A, B and C may alternatively be inverted for

one or more bit labels.

14. A demodulation and decoding method comprising:

- demodulating constellation values of a non-uniform constellation into cell words
and assigning bit combinations to constellation values of the used non-uniform constella-
tion, and

- decoding cell words into output data according to a low density parity check code,
LDPC,

wherein said demodulating is configured to use, based on signalling information indicating
the total number N of constellation points of the constellation and the code rate R,

1) a non-uniform constellation and bit labeling from a group A if N = 16, or

ii) a non-uniform constellation and bit labeling from a group B if N =32, or

i) a non-uniform constellation and bit labeling from a group C if N = 64, or
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iv) a non-uniform constellation obtained from a constellation from anyone of groups A,
B or C through rotation by an angle around the origin, through inversion of bit la-
bels for all constellation points, through interchanging of bit positions, through mir-
roring on any line in the complex plane and/or through predistortion for the constel-
lation points,

wherein the constellation points are defined by a constellation position vector wy...wn.y,

and wherein the constellation position vectors of the different constellations of the groups

A, B or C of constellations are defined as follows:

A) 16-QAM non-uniform constellations of

group Al:

w bitlabel [ R=1/2(or5/80r3/4) | R=5/8(or1/20r3/4) | R=3/4(or 1/2 or 5/8)
w0 0000 0,9236+0,3833i 0,2885+0,2883i1 0,2989+0,3143i
wl 0001 0,9236+0,3833i 1,085+0,3172i 1,0877+0,2957i
w2 0010 0,3833+0,9236i 0,3168+1,0851i 0,2979+1,0872i
w3 0011 0,3833+0,9236i 0,7973+0,8014i 0,8007+0,7934i
w4 0100 0,9236-0,3833i 0,2885-0,2883i 0,2989-0,3143i
w5 0101 0,9236-0,3833i 1,085-0,3172i 1,0877-0,2957i
w0 0110 0,3833-0,9236i 0,3168-1,0851i 0,2979-1,0872i
w7 0111 0,3833-0,9236i 0,7973-0,8014i 0,8007-0,7934i
w8 1000 -0,9236+0,3833i -0,2885+0,2883i -0,2989+0,3143i
w9 1001 -0,9236+0,3833i -1,085+0,3172i -1,0877+0,2957i
w10 1010 -0,3833+0,9236i -0,3168+1,0851i -0,2979+1,0872i
wll 1011 -0,3833+0,9236i -0,7973+0,8014i -0,8007+0,7934i
wi2 1100 -0,9236-0,3833i -0,2885-0,2883i -0,2989-0,3143i
wl3 1101 -0,9236-0,3833i -1,085-0,3172i -1,0877-0,2957i
wl4 1110 -0,3833-0,9236i -0,3168-1,0851i -0,2979-1,0872i
wl5 1111 -0,3833-0,9236i -0,7973-0,8014i -0,8007-0,7934i
or group A3:
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w bit label R=1/2(or 5/8or 3/4) | R=5/8 (or 1/2 or 3/4) | R=3/4 (or 1/2 or 5/8)
w0 0000 0,8429+0,2537i 0,4349+0,1989i 0,9963+0,2925i
wl 0001 0,9864+0,7471i 1,1973+0,4119i 0,9109+0,9109i
w2 0010 0,2155+0,3413i 0,2573+0,7061i 0,3034+0,3034i
w3 0011 0,3772+1,1785i 0,6759+1,0707i 0,2925+0,9963i
w4 0100 0,8429-0,2537i 0,4349-0,19891 0,9963-0,29251
w5 0101 0,9864-0,7471i 1,1973-0,4119i 0,9109-0,91091
w0 0110 0,2155-0,3413i 0,2573-0,7061i 0,3034-0,3034i
w7 0111 0,3772-1,17851 0,6759-1,0707i 0,2925-0,9963i
w8 1000 -0,8429+0,25371 -0,4349+0,1989i -0,9963+0,2925i1
w9 1001 -0,9864+0,7471i -1,1973+0,4119i -0,9109+0,91091
wl0 | 1010 -0,2155+0,3413i -0,2573+0,7061i -0,3034+0,3034i
wll 1011 -0,3772+1,1785i -0,6759+1,07071 -0,2925+0,9963i
wil2 | 1100 -0,8429-0,2537i -0,4349-0,19891 -0,9963-0,2925i1
wl3 1101 -0,9864-0,7471i -1,1973-0,4119i -0,9109-0,91091
wl4 | 1110 -0,2155-0,3413i -0,2573-0,7061i -0,3034-0,3034i
wl5 1111 -0,3772-1,1785i -0,6759-1,0707i -0,2925-0,9963i

B) 32-QAM non-uniform constellations of

group Bl:
w bitlabel | R=1/2 (or5/8or | R = 5/8 (or 12 | R = 3/4 (or 1/2 | R =13/16 (or 12
3/4 or 13/16) or 3/4 or 13/16) or 5/8 or 13/16) or 5/8 or 3/4)
w0 00000 1,0304+0,4441 1,097140,18i 1,1563+0,2084i | 1,146+0,1942i
wl 00001 1,1103+0,1616i | 0,4907+0,2208i | 0,6667+0,2352i | 1,0305+0,53891
w2 00010 0,8946+0,6772i | 1,02+0,4423i 1,039+0,54841 0,6951+0,233i
w3 00011 0,4346+0,2063i | 0,88174+0,6772i | 0,8367+0,8248i | 0,8267+0,8177i
w4 00100 0,4202+1,04041 | 0,18+1,09711 0,2126+0,6666i | 0,2293+0,70581
w3 00101 0,1661+1,1091i | 0,22114+0,4958i | 0,2344+0,23191 | 0,2086+1,144i
wo6 00110 0,6736+0,8966i | 0,4431+1,0196i | 0,1868+1,16i 0,2677+0,2828i
w7 00111 0,19814+0,4223i | 0,6778+0,8812i | 0,5438+1,04151 | 0,5548+1,0221i
w3 01000 1,0304-0,444i 1,0971-0,181 1,1563-0,2084i 1,146-0,1942i
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w9 01001 1,1103-0,1616i | 0,4907-0,2208i | 0,6667-0,2352i | 1,0305-0,5389i
w10 01010 0,8946-0,67721 | 1,02-0,4423i 1,039-0,5484i 0,6951-0,233i
wll 01011 0,4346-0,2063i | 0,8817-0,6772i | 0,8367-0,82481 | 0,8267-0,8177i
wil2 01100 0,4202-1,0404i | 0,18-1,0971i 0,2126-0,66661 | 0,2293-0,7058i
wl3 01101 0,1661-1,1091i | 0,2211-0,4958i | 0,2344-0,23191 | 0,2086-1,144i
wl4 01110 0,6736-0,8966i | 0,4431-1,01961 | 0,1868-1,16i 0,2677-0,2828i
wl5 01111 0,1981-0,4223i | 0,6778-0,8812i | 0,5438-1,04151 | 0,5548-1,0221i
w16 10000 -1,0304+0,444i | -1,0971+0,18i -1,1563+0,2084i | -1,146+0,1942i
wl7 10001 -1,1103+0,1616i | -0,4907+0,2208i | -0,6667+0,2352i | -1,0305+0,53891
wlg 10010 -0,8946+0,6772i | -1,02+0,4423i -1,039+0,5484i | -0,6951+0,233i
w19 10011 -0,4346+0,2063i | -0,8817+0,6772i | -0,8367+0,8248i | -0,8267+0,8177i
w20 10100 -0,4202+1,0404i | -0,18+1,0971i -0,2126+0,6666i | -0,2293+0,70581
w21 10101 -0,1661+1,1091i | -0,2211+0,4958i1 | -0,2344+0,2319i | -0,2086+1,144i
w22 10110 -0,6736+0,8966i | -0,4431+1,0196i | -0,1868+1,161 -0,2677+0,2828i
w23 10111 -0,1981+0,4223i | -0,6778+0,8812i | -0,5438+1,0415i | -0,5548+1,0221i
w24 11000 -1,0304-0,444i -1,0971-0,18i -1,1563-0,2084i | -1,146-0,1942i
w25 11001 -1,1103-0,1616i | -0,4907-0,2208i | -0,6667-0,2352i | -1,0305-0,5389i
w26 11010 -0,8946-0,67721 | -1,02-0,4423i -1,039-0,5484i -0,6951-0,233i
w27 11011 -0,4346-0,20631 | -0,8817-0,6772i | -0,8367-0,8248i | -0,8267-0,8177i
w28 11100 -0,4202-1,0404i | -0,18-1,0971i -0,2126-0,6666i | -0,2293-0,7058i
w29 11101 -0,1661-1,1091i | -0,2211-0,4958i | -0,2344-0,23191 | -0,2086-1,144i
w30 11110 -0,6736-0,8966i | -0,4431-1,0196i | -0,1868-1,16i -0,2677-0,2828i
w31 11111 -0,1981-0,42231 | -0,6778-0,8812i | -0,5438-1,04151 | -0,5548-1,0221i
or group B3:
w bit R=1/2(or 5/8or | R = 5/8 (or 1/2 | R=3/4 (or 1/2 or | R = 13/16 (or
label 3/4 or 13/16) or 3/4 or 13/16) | 5/8 or 13/16) 1/2 or 5/8 or
3/4)
w0 | 00000 | 0,6588+0,2335i 0,6258+0,171i 0,7734+0,1898i 0,2229+0,2243i
wl | 00001 1,152+0,1943i 1,1753+0,2181i | 1,1905+0,2491i 0,7488+0,1887i
w2 | 00010 | 0,8934+0,7527i 0,2219+0,2216i | 0,6881+0,5652i 0,6173+1,0647i
w3 | 00011 1,0419+0,5284i 1,0354+0,59751 | 0,9811+0,7188i 1,2067+0,242i
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w4 | 00100 0,2537+0,30061 0,1925+1,17981 | 0,2475+0,22771 0,2183+0,7125i1
w3 00101 0,1583+0,71271 0,5389+1,0671 0,2041+1,19%1 0,6249+0,5473i
w6 | 00110 0,6045+0,99971 0,2194+0,62071 | 0,2562+0,6908i 0,2129+1,2121i
w7 | 00111 0,25+1,1412i 0,7778+0,85231 | 0,6044+1,0554i 1,0247+0,68151
w3 01000 0,6588-0,23351 0,6258-0,171i 0,7734-0,18981 0,2229-0,2243i
w9 | 01001 1,152-0,1943i 1,1753-0,21811 1,1905-0,24911 0,7488-0,18871
w10 | 01010 0,8934-0,75271 0,2219-0,2216i 0,6881-0,5652i 0,6173-1,06471
wll | 01011 1,0419-0,5284i 1,0354-0,59751 0,9811-0,71881 1,2067-0,242i
wl2 | 01100 0,2537-0,30061 0,1925-1,1798i 0,2475-0,2277i1 0,2183-0,71251
wl3 | 01101 0,1583-0,71271 0,5389-1,067i 0,2041-1,1991 0,6249-0,5473i
wl4 | 01110 0,6045-0,9997i 0,2194-0,62071 0,2562-0,6908i 0,2129-1,2121i
wl5 | 01111 0,25-1,1412i 0,7778-0,85231 0,6044-1,0554i 1,0247-0,68151
wl6 | 10000 -0,6588+0,23351 -0,6258+0,171i -0,77344+0,1898i1 -0,2229+0,2243i
w17 | 10001 -1,152+0,1943i -1,1753+0,2181i | -1,1905+0,2491i -0,7488+0,18871
wlg8 | 10010 -0,893440,75271 -0,2219+0,22161 | -0,6881+0,5652i -0,6173+1,06471
w19 | 10011 -1,04194+0,5284i -1,03544+0,59751 | -0,9811+0,71881 -1,2067+0,242i
w20 | 10100 -0,2537+0,30061 -0,1925+1,1798i | -0,2475+0,22771 -0,2183+0,71251
w21 | 10101 -0,1583+0,71271 -0,5389+1,0671 -0,2041+1,199i -0,6249+0,5473i1
w22 | 10110 -0,6045+0,99971 -0,2194+0,62071 | -0,2562+0,69081 -0,2129+1,2121i
w23 | 10111 -0,25+1,1412i -0,7778+0,85231 | -0,6044+1,05541 -1,0247+0,68151
w24 | 11000 -0,6588-0,23351 -0,6258-0,171i -0,7734-0,18981 -0,2229-0,2243i
w25 | 11001 -1,152-0,1943i1 -1,1753-0,2181i | -1,1905-0,2491i -0,7488-0,18871
w26 | 11010 -0,8934-0,75271 -0,2219-0,2216i | -0,6881-0,5652i -0,6173-1,06471
w27 | 11011 -1,0419-0,52841 -1,0354-0,59751 | -0,9811-0,7188i -1,2067-0,242i
w28 | 11100 -0,2537-0,3006i1 -0,1925-1,17981 | -0,2475-0,22771 -0,2183-0,7125i
w29 | 11101 -0,1583-0,71271 -0,5389-1,0671 -0,2041-1,1991 -0,6249-0,5473i
w30 | 11110 -0,6045-0,99971 -0,2194-0,62071 | -0,2562-0,6908i -0,2129-1,2121i
w31 | 11111 -0,25-1,1412i -0,7778-0,8523i | -0,6044-1,0554i -1,0247-0,68151

C) 64-QAM non-uniform constellations of

group Cl:
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w bitlabel | R = 1/2 (or 58 | R = 5/8 (or 1/2 | R = 3/4 (or 1/2 | R =13/16 (or 1/2
or 3/4 or 13/16) or 3/4 or 13/16) or 5/8 or 13/16) or 5/8 or 3/4)

w0 000000 | 0,2287+0,5143i | 0,1978+0,1981 1,0605+0,5953i | 0,873+0,8874i
wl 000001 | 0,2116+1,09181 | 0,1916+1,19851 | 0,17964+0,4943i | 1,0395+0,6848i
w2 000010 | 0,2828+0,55351 | 0,4969+0,1984i | 0,756240,4956i | 0,6726+1,0474i
w3 000011 | 0,214+1,08881 0,4757+1,11661 | 0,4954+0,51261 | 0,6771+0,6619i
w4 000100 | 0,6913+0,8711i | 0,1862+0,5083i | 1,15744+0,37351 | 1,2358+0,1495i1
w3 000101 | 0,461+1,012i 0,171+0,8428i 0,1887+0,18161 | 1,1669+0,4334i
wo6 000110 | 0,6929+0,86971 | 0,479+0,52571 0,8128+0,1991 0,8923+0,1387i
w7 000111 | 0,4624+1,0114i | 0,4272+0,82011 | 0,5012+0,183i 0,8067+0,4041
w3 001000 | 0,3191+0,20571 | 1,1727+0,31251 | 0,9378+0,77431 | 0,1465+1,2361i
w9 001001 1,0956+0,1876i | 1,2022+0,1671i | 0,1694+0,82361 | 0,1412+0,88991
w10 001010 | 0,5092+0,2494i | 0,7798+0,20351 | 0,791140,9225i | 0,4261+1,16951
wll 001011 1,093+0,20061 0,6806+1,00491 | 0,4477+0,7791 0,413+0,79551
wl2 001100 | 0,8876+0,671 1,0766+0,56041 | 1,2059+0,157i 0,1641+0,164i
wl3 001101 1,0256+0,42991 | 0,9914+0,7003i | 0,1661+1,20481 | 0,1442+0,51971
wl4 001110 | 0,8899+0,6666i | 0,7425+0,50681 | 0,6275+1,0418i | 0,5218+0,1427i
wl5 001111 1,0227+0,43681 | 0,8329+0,8826i | 0,4264+1,13881 | 0,4324+0,43391
w16 010000 | 0,2287-0,5143i | 0,1978-0,1981 1,0605-0,59531 | 0,873-0,8874i
w17 010001 | 0,2116-1,0918i | 0,1916-1,1985i | 0,1796-0,4943i 1,0395-0,6848i
wlg 010010 | 0,2828-0,55351 | 0,4969-0,1984i | 0,7562-0,49561 | 0,6726-1,0474i
wl9 010011 | 0,214-1,0888i 0,4757-1,1166i | 0,4954-0,5126i | 0,6771-0,66191
w20 010100 | 0,6913-0,8711i | 0,1862-0,5083i 1,1574-0,37351 1,2358-0,14951
w21 010101 | 0,461-1,012i 0,171-0,8428i 0,1887-0,1816i 1,1669-0,4334i
w22 010110 | 0,6929-0,8697i | 0,479-0,5257i 0,8128-0,1991 0,8923-0,13871
w23 010111 | 0,4624-1,01141 | 0,4272-0,8201i | 0,5012-0,1831 0,8067-0,404i
w24 011000 | 0,3191-0,20571 | 1,1727-0,31251 | 0,9378-0,7743i | 0,1465-1,2361i
w25 011001 1,0956-0,1876i | 1,2022-0,1671i | 0,1694-0,8236i | 0,1412-0,8899i
w26 011010 | 0,5092-0,2494i | 0,7798-0,20351 | 0,7911-0,92251 | 0,4261-1,16951
w27 011011 1,093-0,20061 0,6806-1,00491 | 0,4477-0,7791 0,413-0,79551
w28 011100 | 0,8876-0,67i 1,0766-0,5604i 1,2059-0,1571 0,1641-0,1641
w29 011101 1,0256-0,4299i | 0,9914-0,70031 | 0,1661-1,20481 | 0,1442-0,5197i
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w30 011110 | 0,8899-0,6666i | 0,7425-0,5068i | 0,6275-1,04181 | 0,5218-0,1427i
w3l 011111 1,0227-0,4368i | 0,8329-0,88261 | 0,4264-1,1388i | 0,4324-0,4339i
w32 100000 | -0,228740,5143i | -0,1978+0,198i | -1,0605+0,5953i | -0,87340,8874i
w33 100001 | -0,2116+1,0918i | -0,1916+1,19851 | -0,1796+0,4943i | -1,0395+0,6848i
w34 100010 | -0,282840,55351 | -0,4969+0,1984i | -0,7562+0,49561 | -0,6726+1,0474i
w35 100011 | -0,214+1,0888i | -0,4757+1,11661 | -0,4954+0,5126i | -0,6771+0,6619i
w36 100100 | -0,6913+0,8711i | -0,1862+0,5083i | -1,1574+0,37351 | -1,2358+0,1495i1
w37 100101 | -0,461+1,012i -0,17140,84281i | -0,1887+0,18161 | -1,1669+0,4334i
w38 100110 | -0,6929+0,8697i | -0,479+0,5257i | -0,8128+0,1991 | -0,8923+0,1387i
w39 100111 | -0,4624+1,0114i | -0,4272+0,8201i | -0,5012+0,183i | -0,8067+0,4041
w40 101000 | -0,319140,2057i | -1,172740,31251 | -0,9378+0,7743i | -0,1465+1,2361i
w4l 101001 | -1,0956+0,1876i | -1,2022+0,1671i | -0,1694+0,8236i | -0,1412+0,8899i
w42 101010 | -0,509240,2494i | -0,7798+0,20351 | -0,7911+0,92251 | -0,4261+1,1695i1
w43 101011 | -1,093+0,2006i | -0,6806+1,00491 | -0,4477+0,7791 | -0,41340,79551
w4 101100 | -0,8876+0,67i -1,0766+0,5604i | -1,2059+0,1571 | -0,1641+0,164i
w45 101101 | -1,02564+0,4299i | -0,9914+0,7003i | -0,1661+1,2048i | -0,1442+0,5197i
w46 101110 | -0,8899+0,6666i | -0,7425+0,50681 | -0,6275+1,0418i | -0,5218+0,1427i
w47 101111 | -1,022740,43681 | -0,8329+0,88261 | -0,4264+1,1388i | -0,4324+0,4339i
w48 110000 | -0,2287-0,5143i | -0,1978-0,198i -1,0605-0,59531 | -0,873-0,8874i
w49 110001 | -0,2116-1,0918i | -0,1916-1,19851 | -0,1796-0,4943i | -1,0395-0,6848i
w30 110010 | -0,2828-0,55351 | -0,4969-0,1984i | -0,7562-0,49561 | -0,6726-1,0474i
wsl 110011 | -0,214-1,08881 -0,4757-1,11661 | -0,4954-0,5126i | -0,6771-0,66191
w32 110100 | -0,6913-0,8711i | -0,1862-0,50831 | -1,1574-0,37351 | -1,2358-0,1495i
w53 110101 | -0,461-1,012i -0,171-0,8428i -0,1887-0,18161 | -1,1669-0,4334i
w4 110110 | -0,6929-0,86971 | -0,479-0,52571 -0,8128-0,1991 -0,8923-0,13871
w55 110111 | -0,4624-1,0114i | -0,4272-0,82011 | -0,5012-0,183i -0,8067-0,404i
w56 111000 | -0,3191-0,20571 | -1,1727-0,31251 | -0,9378-0,7743i | -0,1465-1,2361i
w57 111001 | -1,0956-0,18761 | -1,2022-0,1671i | -0,1694-0,8236i | -0,1412-0,8899i
w58 111010 | -0,5092-0,2494i | -0,7798-0,20351 | -0,7911-0,9225i | -0,4261-1,1695i
w59 111011 | -1,093-0,20061 -0,6806-1,00491 | -0,4477-0,7791 -0,413-0,79551
w60 111100 | -0,8876-0,671 -1,0766-0,5604i | -1,2059-0,1571 -0,1641-0,164i
wol 111101 | -1,0256-0,42991 | -0,9914-0,70031 | -0,1661-1,2048i | -0,1442-0,5197i
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w62 111110 | -0,8899-0,6666i | -0,7425-0,5068i | -0,6275-1,0418i | -0,5218-0,1427i
w03 111111 | -1,0227-0,43681 | -0,8329-0,8826i | -0,4264-1,1388i | -0,4324-0,4339i
or group C2:
w bit R =1/2 (or 5/8 or | R=5/8 (or 1/20r | R = 3/4 (or 1/2 or | R =13/16 (or 1/2
label 3/4 or 13/16) 3/4 or 13/16) 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 | 0,1298+0,2084i 0,3328+0,1665i | 0,9596+0,4358i 1,022+0,4536i
wl 000001 | 0,1883+1,3627i 0,5435+1,2609i | 0,1328+0,5092i 0,1374+0,4738i
w2 000010 | 0,217+0,4464i 0,1217+0,1744i | 0,6561+0,4543i 0,6985+0,44991
w3 000011 | 0,1269+0,764i 0,1904+1,3623i | 0,3855+0,4909i 0,413+0,4891i
w4 000100 | 0,7986+1,12i 0,3528+0,4894i | 0,9773+0,1483i 1,0021+0,1484i
w5 000101 | 0,4538+1,1748i 0,4073+0,8478i | 0,1256+0,1724i 0,1339+0,1575i
w0 000110 | 0,4822+0,6563i 0,1288+0,5124i | 0,6457+0,1512i 0,6852+0,1497i
w7 000111 | 0,3148+0,8326i 0,1465+0,8935i | 0,3703+0,1633i 0,4014+0,16051
w8 001000 | 0,2328+0,1185i 0,5998+0,1505i1 1,2035+0,6663i 1,147+0,7594i
w9 001001 | 1,3637+0,1808i 0,8781+1,05891 | 0,1492+0,8611i 0,1479+0,8049i
w10 | 001010 | 0,4762+0,2045i 0,9411+0,1492i | 0,7306+0,7613i 0,7571+0,75951
wll | 001011 | 0,827+0,1328i 1,3582+0,218i 0,4377+0,8492i 0,4503+0,8438i
wl2 | 001100 | 1,0652+0,8657i 0,6339+0,45451 1,3574+0,2231i 1,3596+0,20951
w13 | 001101 | 1,262+0,5438i 0,7138+0,7632i | 0,1858+1,2632i 0,1659+1,1736i
wl4 | 001110 | 0,6765+0,4967i 0,9294+0,41891 | 0,9009+1,0396i 0,841+1,0885i1
wl5 | 001111 | 0,8548+0,3591i 1,1995+0,6617i | 0,5564+1,2461i 0,5064+1,2593i
wl6 | 010000 | 0,1298-0,2084i 0,3328-0,16651 0,9596-0,4358i 1,022-0,45361
wl7 | 010001 | 0,1883-1,3627i 0,5435-1,26091 0,1328-0,5092i 0,1374-0,4738i
wl8 | 010010 | 0,217-0,4464i 0,1217-0,1744i 0,6561-0,4543i 0,6985-0,44991
w19 | 010011 | 0,1269-0,764i 0,1904-1,3623i 0,3855-0,49091 0,413-0,4891i
w20 | 010100 | 0,7986-1,12i 0,3528-0,4894i 0,9773-0,1483i 1,0021-0,1484i
w21 | 010101 | 0,4538-1,1748i 0,4073-0,8478i 0,1256-0,1724i 0,1339-0,1575i1
w22 | 010110 | 0,4822-0,6563i 0,1288-0,5124i 0,6457-0,1512i 0,6852-0,1497i
w23 | 010111 | 0,3148-0,8326i 0,1465-0,8935i 0,3703-0,1633i 0,4014-0,16051
w24 | 011000 | 0,2328-0,1185i 0,5998-0,15051 1,2035-0,66631 1,147-0,7594i
w25 | 011001 | 1,3637-0,1808i 0,8781-1,05891 0,1492-0,8611i 0,1479-0,80491
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w26 | 011010 | 0,4762-0,20451 0,9411-0,1492i 0,7306-0,7613i 0,7571-0,75951
w27 | 011011 | 0,827-0,1328i 1,3582-0,218i 0,4377-0,8492i 0,4503-0,84381
w28 | 011100 | 1,0652-0,8657i 0,6339-0,45451 1,3574-0,2231i 1,3596-0,20951
w29 | 011101 | 1,262-0,5438i 0,7138-0,7632i 0,1858-1,2632i 0,1659-1,1736i
w30 | 011110 | 0,6765-0,4967i 0,9294-0,4189%1 0,9009-1,0396i 0,841-1,08851
w3l [ 011111 | 0,8548-0,3591i 1,1995-0,6617i 0,5564-1,2461i 0,5064-1,2593i
w32 | 100000 | -0,1298+40,2084i -0,3328+0,16651 | -0,9596+0,43581 | -1,022+0,4536i
w33 100001 | -0,1883+1,3627i -0,5435+1,26091 | -0,1328+0,5092i | -0,1374+0,4738i
w34 | 100010 | -0,217+0,4464i -0,1217+0,17441 | -0,6561+0,45431 | -0,6985+0,44991
w35 100011 | -0,1269+0,764i -0,1904+1,36231 | -0,3855+0,49091 | -0,413+0,4891i
w36 | 100100 | -0,7986+1,12i -0,352840,48941 | -0,9773+0,14831 | -1,002140,1484i
w37 | 100101 | -0,4538+1,1748i -0,4073+0,84781 | -0,1256+0,1724i | -0,1339+40,15751
w38 100110 | -0,4822+0,6563i -0,1288+0,5124i | -0,6457+0,15121 | -0,6852+40,14971
w39 | 100111 | -0,3148+0,8326i -0,1465+0,89351 | -0,3703+0,1633i | -0,4014+40,16051
w40 | 101000 | -0,2328+40,11851 -0,5998+0,15051 | -1,2035+0,6663i | -1,147+0,7594i
w4l 101001 | -1,3637+0,18081 -0,8781+1,05891 | -0,1492+0,8611i | -0,1479+0,80491
w42 | 101010 | -0,4762+0,20451 -0,9411+0,1492i | -0,7306+0,7613i | -0,757140,75951
w43 101011 | -0,827+0,1328i -1,358240,2181 -0,43774+0,84921 | -0,4503+0,8438i
w44 | 101100 | -1,0652+0,8657i -0,6339+0,45451 | -1,3574+0,2231i | -1,3596+40,20951
w45 101101 | -1,262+0,5438i -0,7138+0,76321 | -0,1858+1,2632i | -0,1659+1,1736i
w46 | 101110 | -0,6765+0,49671 -0,9294+0,41891 | -0,9009+1,0396i | -0,841+1,08851
w47 | 101111 | -0,8548+40,3591i -1,1995+0,66171 | -0,5564+1,2461i | -0,5064+1,2593i
w48 110000 | -0,1298-0,20841 -0,3328-0,16651 | -0,9596-0,4358i -1,022-0,4536i
w49 | 110001 | -0,1883-1,3627i -0,5435-1,26091 | -0,1328-0,50921 -0,1374-0,47381
w50 | 110010 | -0,217-0,4464i -0,1217-0,1744i | -0,6561-0,4543i -0,6985-0,44991
wsl 110011 | -0,1269-0,764i -0,1904-1,3623i | -0,3855-0,49091 -0,413-0,48911
w52 | 110100 | -0,7986-1,12i -0,3528-0,48941 | -0,9773-0,1483i1 -1,0021-0,14841
w53 110101 | -0,4538-1,1748i -0,4073-0,84781i | -0,1256-0,1724i -0,1339-0,15751
w54 | 110110 | -0,4822-0,65631 -0,1288-0,5124i | -0,6457-0,1512i -0,6852-0,14971
w55 110111 | -0,3148-0,83261 -0,1465-0,89351 | -0,3703-0,1633i -0,4014-0,16051
w56 | 111000 | -0,2328-0,11851 -0,5998-0,15051 | -1,2035-0,6663i1 -1,147-0,75941
w57 | 111001 | -1,3637-0,18081i -0,8781-1,05891 | -0,1492-0,8611i -0,1479-0,80491
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w58 111010 | -0,4762-0,20451 -0,9411-0,14921 | -0,7306-0,7613i -0,7571-0,7595i1
w59 111011 | -0,827-0,1328i -1,3582-0,218i -0,4377-0,8492i1 -0,4503-0,8438i
w60 111100 | -1,0652-0,86571 -0,6339-0,45451 | -1,3574-0,2231i -1,3596-0,20951
wol 111101 | -1,262-0,5438i -0,7138-0,76321 | -0,1858-1,2632i -0,1659-1,1736i
w62 111110 | -0,6765-0,49671 -0,9294-0,41891 | -0,9009-1,0396i -0,841-1,0885i1
w63 111111 | -0,8548-0,3591i -1,1995-0,66171 | -0,5564-1,2461i -0,5064-1,2593i
or group C3:
w bitlabel | R=1/2 (or 5/8 or | R=5/8 (or 1/2 or | R =3/4 (or 1/2 or | R = 13/16 (or 1/2
3/4 or 13/16) 3/4 or 13/16) 5/8 or 13/16) or 5/8 or 3/4)
w0 000000 1,0569+0,70891 0,8757+0,9247i 0,937+0,8841i 1,1723+0,5141i
wl 000001 1,0841+0,6678i 1,045+0,728i 1,1063+0,66011 0,1476+0,5364i
w2 000010 | 0,819+0,9734i 0,7024+1,0623i 0,7126+1,07291 0,7669+0,45731
w3 000011 0,7389+0,713i 0,6854+0,6748i1 0,649+0,70771 0,4449+0,4829i
w4 000100 1,2554+0,2142i 1,2615+0,17461 1,2781+0,1604i 1,004+0,174i
w5 000101 1,2348+0,3103i 1,1831+0,47061 1,0791+0,3764i 0,1371+0,1864i
wb 000110 0,7562+0,1721i 0,8301+0,1381i 0,7714+0,1301i 0,7139+0,1521i
w7 000111 0,7451+0,3181i 0,7748+0,3978i 0,7335+0,4268i 0,4208+0,16161
w3 001000 | 0,2187+1,2529i 0,1636+1,263i 0,1553+1,2788i 1,0216+0,771i
w9 001001 0,1608+0,8472i 0,1378+0,8233i 0,1327+0,8728i 0,1431+0,9083i
w10 | 001010 0,5502+1,14661 0,446+1,1929i 0,4463+1,2084i 0,7237+0,7521i
wll | 001011 0,4217+0,78271 0,3922+0,7613i 0,3935+0,81561 0,4251+0,8248i
wl2 | 001100 0,1479+0,171 0,1453+0,1451i 0,1358+0,16261 1,2711+0,1575i
wl3 | 001101 0,1574+0,47091 0,1295+0,4429i 0,1371+0,5004i 0,162+1,2706i
wl4 | 001110 0,3867+0,16951 0,4504+0,14261 0,427+0,14841i 0,7403+1,045i1
wl5 | 001111 0,3923+0,4332i 0,4124+0,42071 0,406+0,4481i 0,4693+1,19171
wl6 | 010000 1,0569-0,70891 0,8757-0,92471 0,937-0,88411 1,1723-0,5141i
w17 | 010001 1,0841-0,6678i 1,045-0,728i 1,1063-0,6601i 0,1476-0,5364i
wil8 | 010010 | 0,819-0,9734i 0,7024-1,0623i 0,7126-1,0729i 0,7669-0,4573i
w19 | 010011 0,7389-0,713i 0,6854-0,6748i 0,649-0,70771 0,4449-0,48291
w20 | 010100 1,2554-0,2142i 1,2615-0,1746i 1,2781-0,1604i 1,004-0,174i
w21 | 010101 1,2348-0,3103i 1,1831-0,4706i 1,0791-0,3764i 0,1371-0,1864i
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w22 | 010110 | 0,7562-0,1721i 0,8301-0,1381i 0,7714-0,1301i 0,7139-0,1521i
w23 | 010111 0,7451-0,31811 0,7748-0,3978i 0,7335-0,42681 0,4208-0,1616i
w24 | 011000 | 0,2187-1,2529i 0,1636-1,263i 0,1553-1,2788i 1,0216-0,771i
w25 | 011001 0,1608-0,8472i 0,1378-0,8233i 0,1327-0,8728i 0,1431-0,9083i1
w26 | 011010 | 0,5502-1,1466i 0,446-1,19291 0,4463-1,2084i 0,7237-0,7521i
w27 | 011011 0,4217-0,78271 0,3922-0,7613i 0,3935-0,8156i 0,4251-0,8248i
w28 | 011100 | 0,1479-0,171 0,1453-0,1451i 0,1358-0,1626i 1,2711-0,1575i
w29 | 011101 0,1574-0,47091 0,1295-0,4429i1 0,1371-0,50041 0,162-1,2706i
w30 | 011110 | 0,3867-0,16951 0,4504-0,14261 0,427-0,14841 0,7403-1,0451
w3l | 011111 0,3923-0,43321 0,4124-0,42071 0,406-0,44811 0,4693-1,1917i
w32 | 100000 -1,0569+0,70891 -0,8757+0,92471 | -0,937+0,88411 -1,1723+0,5141i
w33 | 100001 -1,0841+0,66781 -1,045+0,7281 -1,1063+0,6601i | -0,1476+0,5364i
w34 | 100010 -0,819+0,9734i -0,7024+1,06231 | -0,7126+1,07291 | -0,7669+0,4573i
w35 | 100011 -0,7389+0,7131 -0,6854+0,67481 | -0,649+0,70771 -0,4449+0,48291
w36 | 100100 -1,255440,2142i -1,2615+0,17461 | -1,2781+0,1604i | -1,004+0,174i
w37 | 100101 -1,234840,3103i1 -1,1831+0,47061 | -1,079140,3764i | -0,1371+0,1864i
w38 | 100110 -0,7562+0,1721i -0,8301+0,1381i | -0,7714+0,1301i | -0,7139+0,1521i
w39 | 100111 -0,745140,3181i -0,7748+0,39781 | -0,7335+0,4268i | -0,4208+0,1616i
w40 | 101000 -0,2187+1,2529i1 -0,1636+1,263i -0,1553+1,27881 | -1,0216+0,771i
w4l | 101001 -0,1608+0,8472i -0,137840,82331 | -0,1327+0,87281i | -0,1431+0,90831
w42 | 101010 -0,5502+1,14661 -0,446+1,19291 -0,4463+1,20841 | -0,7237+0,7521i
w43 | 101011 -0,421740,78271 -0,3922+0,7613i | -0,3935+0,8156i | -0,4251+0,8248i
w44 | 101100 -0,1479+0,171 -0,1453+0,14511 | -0,1358+0,1626i | -1,2711+0,15751
w45 | 101101 -0,157440,47091 -0,1295+0,44291 | -0,137140,5004i | -0,162+1,2706i
w46 | 101110 -0,3867+0,16951 -0,4504+0,14261 | -0,427+0,1484i -0,7403+1,0451
w47 | 101111 -0,3923+0,4332i -0,4124+0,42071 | -0,406+0,4481i -0,4693+1,1917i
w48 | 110000 -1,0569-0,70891 -0,8757-0,92471 -0,937-0,8841i -1,1723-0,5141i
w49 | 110001 -1,0841-0,6678i -1,045-0,7281 -1,1063-0,66011 -0,1476-0,5364i
w50 | 110010 -0,819-0,9734i -0,7024-1,0623i1 -0,7126-1,07291 -0,7669-0,4573i
w51 | 110011 -0,7389-0,7131 -0,6854-0,67481 -0,649-0,7077i -0,4449-0,48291
w52 | 110100 -1,2554-0,2142i -1,2615-0,1746i -1,2781-0,1604i -1,004-0,174i
w33 | 110101 -1,2348-0,31031 -1,1831-0,4706i1 -1,0791-0,3764i -0,1371-0,1864i
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w54 | 110110 -0,7562-0,1721i -0,8301-0,13811 -0,7714-0,13011 -0,7139-0,1521i
wS5 | 110111 -0,7451-0,31811 -0,7748-0,39781 -0,7335-0,4268i -0,4208-0,1616i1
w56 | 111000 -0,2187-1,25291 -0,1636-1,263i -0,1553-1,27881 -1,0216-0,771i
w57 | 111001 -0,1608-0,8472i -0,1378-0,82331 -0,1327-0,87281 -0,1431-0,90831
w38 | 111010 -0,5502-1,1466i1 -0,446-1,1929i -0,4463-1,2084i -0,7237-0,7521i
w59 | 111011 -0,4217-0,78271 -0,3922-0,7613i -0,3935-0,8156i -0,4251-0,8243i
w60 | 111100 -0,1479-0,171 -0,1453-0,14511 -0,1358-0,1626i -1,2711-0,15751
wol | 111101 -0,1574-0,4709i -0,1295-0,44291 -0,1371-0,50041 -0,162-1,27061
w62 | 111110 -0,3867-0,16951 -0,4504-0,1426i1 -0,427-0,1484i -0,7403-1,045i1
w63 | 111111 -0,3923-0,4332i -0,4124-0,42071 -0,406-0,4481i -0,4693-1,1917i

wherein the bit labeling indicated in groups A, B and C may alternatively be inverted for

one or more bit labels.

15.

constellation values, and

Receiving apparatus comprising:

a receiver configured to receive one or more transmission streams,

a deconverter configured to deconvert one or more transmission streams into said

a receiver signalling unit configured to transmit receiver signalling information to a

transmission apparatus with which said receiving apparatus seeks to communicate, said

receiver signalling information including one or more of a) the total number N of constella-
tion points and the code rate R of a constellation to be used, b) an indication of the constel-
lation to be used, c) constellation points of a constellation to be used, d) channel conditions
of a communications channel between the receiving apparatus and a transmission appa-
ratus with which said receiving apparatus seeks to communicate and €) PHY impairments

at the receiving apparatus.

16.  Receiving apparatus as claimed in claim 15,
further comprising an evaluation unit configured to analyse channel conditions of a
communications channel between the receiving apparatus and a transmission apparatus

with which said receiving apparatus seeks to communicate and/or PHY impairments at the
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receiving apparatus and to determine said signalling information based on the analysed

channel conditions and/or PHY impairments.

17.  Receiving apparatus as claimed in claim 15,
further comprising a demodulation and decoding apparatus as claimed in claim 13 config-

ured to demodulate and decode said constellation values into output data.

18.  Receiving method comprising:

- receiving one or more transmission streams,

- deconverting one or more transmission streams into said constellation values, and

- transmitting receiver signalling information to a transmission apparatus with which
the receiving method seeks to communicate, said receiver signalling information including
one or more of a) the total number N of constellation points and the code rate R of a
constellation to be used, b) an indication of the constellation to be used, ¢) constellation
points of a constellation to be used, and d) channel conditions of a communications
channel between the receiving apparatus and a transmission apparatus with which said

receiving method seeks to communicate.
19. A non-transitory computer-readable recording medium that stores therein a com-
puter program product, which, when executed by a processor, causes the method according

to claim 7 to be performed.

20. A communications system comprising one or more transmission apparatus as

claimed in claim 1 and one or more receiving apparatus as claimed in claim 15.
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