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Description

Field

[0001] This application relates generally to digital com-
munications, and more particularly to methods and ap-
paratus for spreading a signal and multiplexing a plurality
of signals that are to be transmitted.

Background

[0002] Spreading of a signal over multiple time/fre-
quency resources is performed for the purpose of achiev-
ing higher diversity, reliability and robustness to interfer-
ence and channel variations.
[0003] Code division multiple access (CDMA) is a mul-
tiple access technique in which data symbols are spread
over orthogonal or near-orthogonal code sequences.
Conventional CDMA encoding is a two-step process in
which a binary code is mapped to a quadrature amplitude
modulation (QAM) symbol before a spreading sequence
is applied. CDMA can be considered a form of repetition
of QAM symbols by using different amplitudes and phas-
es in accordance with the spreading sequence.
[0004] Conventional CDMA encoding can provide rel-
atively high throughput. However, new techniques/mech-
anisms for achieving even higher throughputs may be
desirable to meet the ever-growing demands of next-gen-
eration wireless networks. Low density spreading (LDS)
is a form of CDMA used for multiplexing different layers
of data. LDS uses repetitions of the same symbol on lay-
er-specific nonzero positions in time or frequency. As an
example, in LDS-orthogonal frequency division multi-
plexing (OFDM) a constellation point is repeated over
nonzero frequency tones of an LDS block. This sparse
spreading helps reduce the decoding complexity when
many (e.g., more than the spreading length) LDS signals
are multiplexed together.
[0005] In sparse code multiple access (SCMA), a mul-
tidimensional codebook is used to spread data over tones
without necessarily repeating symbols. In SCMA the mul-
tidimensional spreading codebooks are sparse and
hence detection can be made simpler. SCMA allows the
encoding of data using a subset of tones from a larger
set, so as to improve overall performance when viewed
as a trade-off between error rate and throughput. One of
the properties of SCMA is that larger and more complex
constellations can be formed from multiple tones. How-
ever, although this may increase throughput, it also con-
sumes valuable computational resources and may per-
form sub-optimally with low complexity receivers.
[0006] Therefore, there is still a need for non-orthogo-
nal multiple access solution that maintains the good per-
formance that is due to efficient multi-dimensional mod-
ulation, and is flexible for addressing various next gen-
eration application scenarios and multi-user multiplexing.
[0007] Document US 2014/0140360 A1 refers to cod-
ing gains that can be achieved by encoding binary data

directly to multi-dimensional codewords, which circum-
vents QAM symbol mapping employed by conventional
CDMA encoding techniques. Further, multiple access
can be achieved by assigning different codebooks to dif-
ferent multiplexed layers. Moreover, sparse codewords
can be used to reduce baseband processing complexity
on the receiver-side of the network, as sparse codewords
can be detected within multiplexed codewords in accord-
ance with message passing algorithms (MPAs).
[0008] In document Hosein Nikopour et al., "Sparse
code multiple access", in 2013 IEEE 24th Annual Inter-
national Symposium on Personal, Indoor, and Mobile Ra-
dio Communications (PIMRC), 8-11 September 2013,
pages 332 to336, Electronic ISBN: 978-1-4673-6235-1,
DOI: 10.1109/PIMRC.2013.6666156, reference is made
to multicarrier CDMA. Multicarrier CDMA is a multiplexing
approach in which modulated QAM symbols are spread
over multiple OFDMA tones by using a generally complex
spreading sequence. Effectively, a QAM symbol is re-
peated over multiple tones. Low density signature (LDS)
is a version of CDMA with low density spreading se-
quence allowing to take advantage of a near optimal ML
receiver with practically feasible complexity. A new mul-
tiple access scheme is proposed so called sparse code
multiple access (SCMA) which still enjoys the low com-
plexity reception technique but with better performance
compared to LDS. In SCMA, the procedure of bit to QAM
symbol mapping and spreading are combined together
and incoming bits are directly mapped to a multidimen-
sional codeword of an SCMA codebook set. Each layer
or user has its dedicated codebook. Shaping gain of a
multidimensional constellation is the main source of the
performance improvement in comparison to the simple
repetition of QAM symbols in LDS. In general, SCMA
codebook design is an optimization problem. A system-
atic sub-optimal approach is proposed here for SCMA
codebook design.

Summary

[0009] The present invention is defined by the attached
set of claims.
[0010] One aspect of the present disclosure provides
a method in a transmitter. In one aspect, the method in-
cludes applying forward error correction (FEC) encoding
to a first stream of input bits associated with a first data
layer to generate a first stream of coded bits. The first
stream of coded bits is then mapped to K1 binary streams.
A first layer-specific set of stream-specific modulators is
applied to the K1 binary streams to generate K1 inde-
pendent complex-valued symbol streams. The K1 inde-
pendent complex-valued symbol streams are transmitted
using T1 resource elements out of N1 resource elements.
The T1 resource elements may be defined by a first layer-
specific signature of length N1, where 1≤ T1 < N1.
[0011] In any of the previous aspects of a method in a
transmitter, at least one of the first layer-specific signa-
ture and the first layer-specific set of stream-specific
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modulators may be selected based at least in part on at
least one of: a layer index associated with the first data
layer; a coding rate of the FEC encoding applied to the
first stream of input bits; and a target spectral efficiency.
[0012] In any of the previous aspects of a method in a
transmitter, the T1 resource elements out of N1 resource
elements may include T1 tones out of N1 OFDM tones.
[0013] In any of the previous aspects of a method in a
transmitter, the stream-specific modulators are applied
by quadrature amplitude modulation (QAM) mappers.
[0014] In any of the previous aspects of a method in a
transmitter, mapping the first stream of coded bits to K1
binary streams may involve mapping the first stream of
coded bits to K1 binary streams such that at least one
coded bit is mapped to more than one of the K1 binary
streams and none of the K1 binary streams are identical
to each other.
[0015] In any of the previous aspects of a method in a
transmitter, mapping the first stream of coded bits to K1
binary streams may involve dividing the first stream of
coded bits to K1 disjoint binary streams.
[0016] In any of the previous aspects of a method in a
transmitter, the method may further include assigning
stream-specific transmit powers to the K1 independent
complex-valued symbol streams prior to transmission.
[0017] In any of the previous aspects of a method in a
transmitter, the method may further include assigning
stream-specific phase rotations to the K1 independent
complex-valued symbol streams prior to transmission.
[0018] In any of the previous aspects of a method in a
transmitter, the method may further include mapping a
second stream of coded bits associated with a second
data layer to K2 binary streams. A second layer-specific
set of stream-specific modulators may be applied to the
K2 binary streams to generate K2 independent complex-
valued symbol streams. In addition, the K2 independent
complex-valued symbol streams may be transmitted us-
ing T2 resource elements out of N2 resource elements.
The T2 resource elements may be defined by a second
layer-specific signature of length N2, where 1 ≤ T2 ≤ N2.
The first and second layer-specific signatures may differ
in terms of sparsity pattern or sparsity level.
[0019] In any of the previous aspects of a method in a
transmitter, the first and second layer-specific sets of
stream-specific modulators may differ in terms of a se-
quence of the stream-specific modulators in each set or
a proportion of different stream-specific modulators in
each set.
[0020] In any of the previous aspects of a method in a
transmitter, the method may further include assigning at
least one of layer-specific transmit powers and layer-spe-
cific phase rotations to the independent complex-valued
symbol streams prior to transmission. Another aspect of
the present disclosure provides an apparatus that in-
cludes a bit mapper, a first layer-specific set of stream-
specific modulators, and a transmitter. The bit mapper
maps a first stream of coded bits associated with a first
data layer to K1 binary streams. The first layer-specific

set of stream-specific modulators generates K1 inde-
pendent complex-valued symbol streams based on the
K1 binary streams. The transmitter transmits the K1 in-
dependent complex-valued symbol streams using T1 re-
source elements out of N1 resource elements, the T1 re-
source elements being defined by a first layer-specific
signature of length N1, where 1 ≤ T1 < N1.
[0021] In any of the previous aspects of the apparatus,
the apparatus may further include a controller to config-
ure the bit mapper and the first layer-specific set of
stream-specific modulators based at least in part on a
layer index associated with the first data layer, a coding
rate of the FEC encoding applied to the first stream of
input bits, or a target spectral efficiency.
[0022] In any of the previous aspects of the apparatus,
the T1 resource elements out of N1 resource elements
may include T1 tones out of N1 tones.
[0023] In any of the previous aspects of the apparatus,
the stream-specific modulators may be quadrature am-
plitude modulation (QAM) mappers.
[0024] In any of the previous aspects of the apparatus,
the bit mapper may map the first stream of coded bits to
K1 binary streams such that at least one coded bit is
mapped to more than one of the K1 binary streams and
none of the K1 binary streams are identical to each other.
[0025] In any of the previous aspects of the apparatus,
the bit mapper may divide the first stream of coded bits
to K1 disjoint binary streams.
[0026] In any of the previous aspects of the apparatus,
the apparatus may further include a power scaler, oper-
atively coupled between the modulators and the trans-
mitter, to assign stream-specific transmit powers to the
K1 independent complex-valued symbol streams prior to
transmission.
[0027] In any of the previous aspects of the apparatus,
the apparatus may further include a phase rotator, oper-
atively coupled between the modulators and the trans-
mitter, to assign stream-specific phase rotations to the
K1 independent complex-valued symbol streams prior to
transmission.
[0028] In any of the previous aspects of the apparatus,
the apparatus may further include a second bit mapper
and a second layer-specific set of stream-specific mod-
ulators operatively coupled to the second bit mapper. In
such aspects, the second bit mapper may map a second
stream of coded bits associated with a second data layer
to K2 binary streams, and the second layer-specific set
of stream-specific modulators may generate K2 inde-
pendent complex-valued symbol streams based on the
K2 binary streams. The transmitter is operatively coupled
to the second layer-specific set of stream-specific mod-
ulators and transmits the K2 independent complex-val-
ued symbol streams using T2 resource elements out of
N2 resource elements. The T2 resource elements may
be defined by a second layer-specific signature of length
N2, where 1 ≤ T2 ≤ N2. The first and second layer-specific
signatures may differ in terms of sparsity pattern or spar-
sity level.
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[0029] In any of the previous aspects of the apparatus,
the first and second layer-specific sets of stream-specific
modulators may differ in terms of a sequence of the
stream-specific modulators in each set or a proportion of
different stream-specific modulators in each set.
[0030] In any of the previous aspects of the apparatus,
the apparatus may further include: a first power scaler,
operatively coupled between the first layer-specific set
of stream-specific modulators and the transmitter, to as-
sign a first layer-specific vector of stream-specific trans-
mit powers to the K1 independent complex-valued sym-
bol streams prior to transmission; and a second power
scaler, operatively coupled between the second layer-
specific set of stream-specific modulators and the trans-
mitter, to assign a second layer-specific vector of stream-
specific transmit powers to the K2 independent complex-
valued symbol streams prior to transmission.
[0031] In any of the previous aspects of the apparatus,
the apparatus may further include: a first phase rotator,
operatively coupled between the first layer-specific set
of stream-specific modulators and the transmitter, to as-
sign a first layer-specific vector of stream-specific phase
rotations to the K1 independent complex-valued symbol
streams prior to transmission; and a second phase rota-
tor, operatively coupled between the second layer-spe-
cific set of stream-specific modulators and the transmit-
ter, to assign a second layer-specific vector of stream-
specific phase rotations to the K1 independent complex-
valued symbol streams prior to transmission.
[0032] Yet another aspect of the present disclosure
provides a method in a receiver. In one aspect, the meth-
od includes receiving a signal that includes at least one
layer-specific set of independent complex-valued symbol
streams transmitted using a layer-specific set of resource
elements of a shared resource. A resource element-by-
resource element maximum a posteriori probability
(MAP) algorithm is applied to the received signal to gen-
erate input bit log likelihood ratios (LLRs), which are fed
to FEC decoders to generate output bit LLRs. A first
stream of input bits associated with a first data layer may
then be determined based on the output bit LLRs from
the FEC decoder associated with the first data layer.
[0033] In any of the previous aspects of a method in a
receiver, applying a resource element-by-resource ele-
ment MAP algorithm to the received signal may include:
calculating extrinsic LLRs based on the output bit LLRs
and the input bit LLRs; and calculating, based on the
extrinsic LLRs, a priori probabilities for a next iteration of
the MAP algorithm.
[0034] In any of the previous aspects of a method in a
receiver applying a resource element-by-resource ele-
ment MAP algorithm to the received signal may involve,
for each resource element, applying the MAP algorithm
over only a subset of active layers, treating other layers
as interference.
[0035] In any of the previous aspects of a method in a
receiver, applying the MAP algorithm over only a subset
of active layers may involve using resource element-

based selection to select the subset of active layers for
each resource element.
[0036] In any of the previous aspects of a method in a
receiver, using resource element-based selection to se-
lect the subset of active layers for each resource element
may involve, for each resource element, selecting the
subset of active layers based on the signal to interference
plus noise ratio (SINR) of the active layers.
[0037] In any of the previous aspects of a method in a
receiver, applying the MAP algorithm over only a subset
of active layers may involve using layer-based selection
to select the subset of active layers for all resource ele-
ments.
[0038] In any of the previous aspects of a method in a
receiver, using layer-based selection to select the subset
of active layers for all resource elements may involve
selecting the subset of active layers based on average
SINR or average normalized capacity of the active layers
over the resource elements.
[0039] In any of the previous aspects of a method in a
receiver, the method may further include selecting the
number of active layers in the subset of active layers
based on at least one of a complexity constraint of a
receiver and an order of stream-specific modulators used
to generate layer-specific sets of independent complex-
valued symbol streams.
[0040] Still another aspect of the present disclosure
provides an apparatus that includes a receiver, a set of
FEC decoders and a quantizer. The receiver is config-
ured to apply a resource element-by-resource element
maximum a posteriori probability (MAP) algorithm to a
received signal that includes at least one layer-specific
set of independent complex-valued symbol streams
transmitted using a layer-specific set of resource ele-
ments of a shared resource. The receiver generates input
bit log likelihood ratios (LLRs) that are fed to the FEC
decoders, which generate output bit LLRs based on the
input bit LLRs. The quantizer determines a first stream
of input bits associated with a first data layer based on
the output bit LLRs from the FEC decoder associated
with the first data layer.
[0041] In any of the previous aspects of the apparatus,
the receiver may be configured to: calculate extrinsic
LLRs based on the output bit LLRs and the input bit LLRs;
and calculate, based on the extrinsic LLRs, a priori prob-
abilities for a next iteration of the MAP algorithm.
[0042] In any of the previous aspects of the apparatus,
for each resource element, the receiver may be config-
ured to apply the MAP algorithm over only a subset of
active layers, treating other layers as interference.
[0043] In any of the previous aspects of the apparatus,
the receiver may use resource element-based selection
to select the subset of active layers for each resource
element.
[0044] In any of the previous aspects of the apparatus,
for each resource element, the receiver may select the
subset of active layers based on the SINR of the active
layers.
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[0045] In any of the previous aspects of the apparatus,
the receiver may use layer-based selection to select the
subset of active layers for all resource elements.
[0046] In any of the previous aspects of the apparatus,
the receiver may select the subset of active layers based
on average SINR or average normalized capacity of the
active layers over the resource elements.
[0047] In any of the previous aspects of the apparatus,
the receiver may select the number of active layers in
the subset of active layers based on at least one of a
complexity constraint of the receiver and an order of
stream-specific modulators used to generate layer-spe-
cific sets of independent complex-valued symbol
streams.
[0048] Aspects and features of the present disclosure
will become apparent, to those ordinarily skilled in the
art, upon review of the following description of the various
aspects of the disclosure.

Brief Description of the Drawings

[0049] Embodiments will be described in greater detail
with reference to the accompanying drawings.

Fig. 1 is a block diagram of an example system in
which embodiments could be implemented.

Fig. 2 shows a database storing codebook mappings
and definitions.

Figs. 3A and 3B show examples of sparse layer-
specific signatures.

Fig. 4 shows a signature selector configured to select
tones for layer-specific signatures.

Fig. 5 shows an encoder configured to encode binary
data using a subset of tones associated with a sig-
nature using a joint constellation.

Fig. 6 shows an encoder configured to encode binary
data using a subset of tones associated with a sig-
nature using independent constellations in accord-
ance with an embodiment of the present disclosure.

Fig. 7 is a block diagram of an apparatus implement-
ing a bit mapping and modulating technique using
different tones for different subsets of bits of input
data in accordance with an embodiment of the
present disclosure

Fig. 8 shows an example of 8-point SCMA code-
books for six layers in accordance with an embodi-
ment of the present disclosure.

Fig. 9 is a block diagram of an apparatus implement-
ing a bit mapping and modulation technique accord-
ing to another embodiment of the present disclosure.

Fig. 10 shows an example of codebooks for six layers
in which different layers have different target spectral
efficiencies according to another embodiment of the
present disclosure.

Fig. 11 is a block diagram of an apparatus imple-
menting a bit mapping and modulation technique ac-
cording to another embodiment of the present dis-
closure.

Fig. 12 is a block diagram of a bit mapping, modu-
lation and multi-user signal multiplexing technique
according to another aspect of the disclosure.

Fig. 13 is a block diagram of a bit mapping and mod-
ulation technique for uplink transmission in accord-
ance with an embodiment of the present disclosure.

Fig. 14 is a block diagram of a receiver apparatus
according to another embodiment of the present dis-
closure.

Fig. 15A shows an example of layer-based selection
of layers for a maximum a posteriori prediction (MAP)
receiver according to another aspect of the present
disclosure.

Fig. 15B shows an example of tone-based selection
of layers for a maximum a posteriori prediction (MAP)
receiver according to another aspect of the present
disclosure.

Fig. 16 is a plot of simulation results for uplink trans-
mission block error rate (BLER) vs. signal to noise
ratio (SNR) for an embodiment of the present inven-
tion.

Fig. 17A is a flow diagram of example operations in
a transmitter according to an embodiment.

Fig. 17B is a flow diagram of example operations in
a receiver according to an embodiment.

Fig. 18 is a block diagram of an example apparatus
in which embodiments could be implemented.

Fig. 19 is a block diagram of another example appa-
ratus in which embodiments could be implemented.

Fig. 20 is a block diagram of an example processing
system, which may be used to implement embodi-
ments disclosed herein.

Fig. 21 is a block diagram of an example communi-
cation system.
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Detailed Description

[0050] It should be understood at the outset that al-
though illustrative implementations of one or more em-
bodiments of the present disclosure are provided below,
the disclosed systems or methods may be implemented
using any number of techniques, whether currently
known or later developed. The disclosure should in no
way be limited to the illustrative implementations, draw-
ings, and techniques illustrated below, including the de-
signs and implementations illustrated and described
herein, but may be modified within the scope of the ap-
pended claims along with their full scope of equivalents.
[0051] Demand for higher data rates in telecommuni-
cations systems continues to increase. At the same time,
more transmission flexibility and robustness toward net-
work impairments is needed. Improvement in efficient
signalling design for signal spreading and multi-user sig-
nal multiplexing is an area that could aid in meeting these
demands.
[0052] Aspects of the present disclosure provide effi-
cient signalling design for spreading. Signal spreading
may provide more reliability, diversity and robustness to-
wards network impairments. Multi-user signal multiplex-
ing may provide more spectral efficiency, scheduling flex-
ibility, robustness to channel state information (CSI) feed-
back accuracy, robustness to channel aging, and robust-
ness to issues that may arise from UE mobility.
[0053] The embodiments set forth herein represent in-
formation sufficient to practice the claimed subject mat-
ter. Upon reading the following description in light of the
accompanying figures, those of skill in the art will under-
stand the aspects of the claimed subject matter and will
recognize applications of these aspects not particularly
addressed herein. It should be understood that these as-
pects and applications fall within the scope of the disclo-
sure and the accompanying claims.
[0054] Moreover, it will be appreciated that any mod-
ule, component, or device disclosed herein that executes
instructions may include or otherwise have access to a
non-transitory computer/processor readable storage
medium or media for storage of information, such as com-
puter/processor readable instructions, data structures,
program modules, or other data. A non-exhaustive list of
examples of non-transitory computer/processor reada-
ble storage media includes volatile and non-volatile, re-
movable and non-removable media implemented in any
method or technology, such as magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic stor-
age devices, optical disks such as compact disc read-
only memory (CD-ROM), digital video discs or digital ver-
satile discs (i.e. DVDs), Blu-ray Disc™, or other optical
storage, random-access memory (RAM), read-only
memory (ROM), electrically erasable programmable
read-only memory (EEPROM), flash memory or other
memory technology. Any such non-transitory compu-
ter/processor storage media may be part of a device or
accessible or connectable thereto. Computer/processor

readable/executable instructions to implement an appli-
cation or module described herein may be stored or oth-
erwise held by such non-transitory computer/processor
readable storage media.
[0055] Before discussing example embodiments of the
present disclosure, various functional aspects of trans-
mitting and receiving data spread over multiple time/fre-
quency resources will be discussed to provide some ad-
ditional context.
[0056] Certain aspects of the present disclosure focus
on the encoding function of a transmitter. In particular,
encoding is achieved by transforming streams of re-
ceived binary data into streams of transmitted symbols.
In the present disclosure, reference is made to binary
data but in general, M-ary data may be used. Fig. 1 is a
block diagram of a system that may be used for imple-
menting certain devices and methods in accordance with
certain embodiments of the present disclosure. In partic-
ular, there is shown a transmitter/encoder for encoding
a plurality of data streams for various user equipments
(UEs). Specifically, the transmitter/encoder receives bi-
nary (or M-ary data) for each of users UE1, UE2, UE3,
UE4, etc. The transmitter/encoder may include suitable
hardware or software configured to execute a variety of
functions, such as forward error correction (FEC) encod-
ing of the binary data for each stream, encoding and mod-
ulation of the forward error-corrected data for each
stream into streams of symbols and multiplexing of plural
streams of symbols into a composite/layered output sig-
nal for transmission to one or more receiving devices,
e.g. UEs. The output signal is output by an output inter-
face of the transmitter and travels to an input interface
of a receiver over a communication channel established
over one or more links or nodes.
[0057] Generally speaking, it can be said that the trans-
mitter/encoder encodes data from each input stream by
mapping this data to a sequence of transmitted symbols
for that stream, and this may be done in parallel for mul-
tiple streams. The resulting sequences of symbols are
then multiplexed into a signal for transmission over a
shared resource channel.
[0058] A transmitted symbol is a modulated signal that
encodes a group of bits according to a constellation di-
agram. Modulation occurs over a set of one or more re-
source elements (e.g., frequencies or tones) of the
shared resource. The parameters of the constellation di-
agram and the set of tones used for modulation may be
referred to as a "codebook". Generally speaking, different
transmitters/encoders utilize different codebooks to fa-
cilitate differentiation at a receiver/decoder.
[0059] A receiver/decoder may include suitable hard-
ware or software configured to execute a variety of func-
tions that are basically the reverse of those performed
by the transmitter, such as demultiplexing the compos-
ite/layered signal into multiple symbol streams, demod-
ulating/decoding the symbol streams into binary data and
error correcting the coded binary data, so as to result in
binary data streams.

9 10 



EP 3 434 000 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0060] To enable proper decoding and demodulation,
the receiver/decoder needs to know which codebooks
are being used for which streams. As such, the associ-
ation between UEs and codebooks (referred to as the
"codebook mapping"), as well as the definitions of the
codebooks themselves (referred to as the "codebook def-
inition" and including the parameters of the constellation
diagram and the identity of the tones used for modula-
tion), need to be obtained by the receiver/decoder. This
information is referred to as "codebook control data" and
may be transmitted from the transmitter/encoder to the
receiver/decoder over a control channel. This information
may be updated as the need arises. In some cases, the
receiver/decoder may perform blind decoding of the
codebooks themselves and therefore such transmission
of the codebooks from the transmitter/encoder to the re-
ceiver/decoder may not be required.
[0061] As shown in Fig. 2, the codebook mapping and
the codebook definition may be stored as a database or
other object in memory at or accessible by the transmit-
ter/encoder. It should be appreciated that the codebooks
may change over time (i.e., they may be dynamic), or the
codebooks may remain static but their association to dif-
ferent UEs may change over time (codebook hopping).
[0062] The codebook definition may associate each
codebook with a codebook identifier (e.g., Codebook1,
Codebook2, etc.), and an associated tone signature
(e.g., Signature1, Signature2, etc), i.e., a collection of
tones used for the modulation scheme related to the
codebook in question. In general there may be N avail-
able tones to choose from in the shared resource, but a
constellation used to modulate the data for a particular
UE may use only T tones. The T out of N tones is referred
to as a "sparse set" of tones when T < N. For example,
Fig. 3A shows an example where N is equal to 25 and T
is equal to 3. In this example, Signature1 utilizes tones
4, 7 and 15, Signature2 utilizes tones 3, 10 and 12, etc.
Generally speaking, T < N denotes a sparse set, but the
definition of what constitutes a sparse subset can be
adapted, and in different embodiments may be used to
signify that T < 0.5N, T < 0.25N or T < 0.1N, to give a
few non-limiting examples. It should be appreciated that
the set of available tones (including the identity of the
tones or their overall number) may change over time.
[0063] In some cases, there may be different numbers
of tones per signature. For example, a signature may use
T1 or T2 out of N tones in a sparse set of tones. With
specific reference to Fig. 3B, N is equal to 25; T1 is equal
to 3 and T2 is equal to 4. In this example, Signature5
(T1=3) utilizes tones 4, 7 and 15, Signature6 (T2=4) uti-
lizes tones 3, 10, 12 and 24, Signature7 (T1=3) utilizes
tones 6, 13 and 22 and Signature8 (T2=4) utilizes tones
1, 8, 17 and 20.
[0064] To be resilient against interference, each UE
may be assigned a signature, i.e., a distinct sparse set
of tones that will be occupied by the transmitted symbols
for that UE. This does not necessarily require that no
tone can appear in more than one signature. Indeed,

there are multiple ways in which to design the signatures
given an initial available set of tones so as to meet op-
erational requirements. One such manner is to imple-
ment a signature selector using a processor or other
hardware or software, at any suitable location in the net-
work. A block diagram of a signature selector is shown
in Fig. 4. The signature selector may receive information
regarding the number of available tones (N), the number
of signatures that need to be created, the number of tones
per signature (T) and so-called "separation constraints".
The separation constraints may include, for example, the
number of allowable overlapping tones amongst any pair
of signatures or the minimum "distance" (in terms of
number of intermediate unused tones) between two non-
overlapping tones from different signatures. Other sep-
aration constraints may be imposed in addition to or in-
stead of the foregoing, for example the closest allowable
proximity between two tones within the same signature.
Based on the aforesaid information, the signature selec-
tor determines the requisite number of signatures, which
is expressed in Fig. 4 as a table that maps signatures to
collections of tones.
[0065] In some cases, a transmitter may be assigned
multiple signatures. For example, the binary (or M-ary)
data for a single UE could be split over multiple compo-
nent streams, each component stream being encoded
with a different signature or a different codebook as de-
scribed above.
[0066] The set of signatures may be viewed as a set
of sequences that are already designed offline and have
some property (e.g., limit on the number of nonzero tones
and on the pairwise overlap among them). Many possible
approaches may be used to design the signatures. For
example, one may want to minimize the number of pair-
wise joint tones across the set of signatures in order to
minimize the probability of pair-wise catastrophic colli-
sions, which can occur where multiple UEs are transmit-
ting data using the same or overlapping tones. One so-
lution is to use a variant of optical orthogonal codes
(OOCs) which have been used in the context of Code
Division Multiple Access (CDMA). (See Chung et al., "Op-
tical Orthogonal Codes: Design, Analysis, and Applica-
tions", IEEE Trans. On Information Theory, Vol. 35, No.3,
May 1989.) An OOC of (n, k, λ) is a family of sequences
of length n containing n-k zeros and k ones whose pair-
wise overlap among them and their cyclic shifts is at most
λ. However, rather than consider a sequence’s cyclic
shifts before assessing viability of the sequence, one can
actually use all the cyclic shifts of OOC sequences as
different signatures themselves, which is unlike optical
CDMA. For example, for a block of 25 tones, one can
have 100 different sequences of 3 nonzero tones, such
that each pair of sequences overlap at most in one nonze-
ro tone (4 OOCs x 25 cyclic shifts): {0,1,6}, {0,2,9},
{0,3,11}, {0,4,13}. When k=2, the cyclic shifts of an OOC
of (n, 2,1) amounts to the set of all combinations of 2 non-
zero positions out of n tones.
[0067] Using the above approach, although the signa-
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tures are not orthogonal because some overlap is per-
mitted, they are unique, which allows blind detection of
active signatures by a receiver. For example, blind de-
tection can be based on power detection by identifying
active tones based on received signal power and match-
ing sets of active tones to signatures.
[0068] In practice, the signatures may be designed of-
fline and stored on the various devices that use them
(transmitter/encoder and receiver/decoder). As such, a
receiver will know the set of signatures. A transmitter may
select the signatures it will use or the signatures may be
assigned to it by a network node, such as a base station
or a central unit.
[0069] With reference again to Fig. 2, the "Constella-
tion Particulars" field is now discussed. It is recalled that
in this illustrated embodiment, the Constellation Particu-
lars field is shown as having a value of "Joint" or "Inde-
pendent". With this in mind, consider a signature, such
as Signature1, which is associated with a certain sparse
subset of tones. There are at least two ways in which to
encode binary data using these tones. One conventional
way to encode binary data using a subset of tones asso-
ciated with a signature (corresponding to a value of
"Joint" in the "Constellation Particulars" field) utilizes a
multi-dimensional modulation technique that uses a
"mega-constellation" or "joint constellation" that is creat-
ed from the entire set of tones in the signature. For ex-
ample, because a 1-tone signature may be 2-dimension-
al (e.g., quadrature amplitude modulation (QAM), Quad-
rature Phase Shift Keying (QPSK), etc.), a 2-tone signa-
ture may be 4-dimensional and a 3-tone signature may
be 6-dimensional, and so on. Generally speaking, the
larger the joint constellation, the greater the number of
input data bits that can be encoded by that constellation.
This would amount to encoding the data by mapping it
to a sequence of symbols, each symbol being "spread"
over all the tones in the signature. This is the modulation
technique that is utilized in conventional SCMA.
[0070] Fig. 5 shows an example of an encoder config-
ured to encode binary data using a subset of tones as-
sociated with a signature (Signature 1) using a joint con-
stellation. Fig. 5 shows binary data being received at the
encoder. The encoder may have access to a database
(e.g., see Fig. 2) that includes a codebook mapping in-
dicating that the received binary data is associated with
a joint constellation (Codebook1). The encoder also
knows, from the database, that the signature for
Codebook1 is Signature1 (which corresponds to tones
4, 7 and 15, see Fig. 3A) and that the "Constellation Par-
ticulars" field for Codebook1 field is populated by the val-
ue "Joint". This, together with possibly other information
regarding Codebook1, allows the encoder to encode the
binary data into a series of symbols in a single, joint con-
stellation for the three tones of Signature1 (tones 4, 7
and 15). The joint constellation may have any suitable
dimensionality, and any point in the constellation is pro-
jected onto all three tones.
[0071] Some embodiments of the present disclosure

utilize an alternative modulation technique to encode bi-
nary data using multiple tones by using different tones
for different subsets of bits in the input data, i.e., using
the tones "independently" (and thus corresponding to a
value of "Independent" in the "Constellation Particulars"
field). By way of a practical comparison, 3 tones can be
used to create a constellation with 26 = 64 symbols, or
three constellations with 4 points each. This would
amount to encoding the data by mapping it to three dis-
tinct subsets of the tones in the signature (one tone per
subset). In fact, the data can be considered to be divided
into three subsets of data, each such subset being inde-
pendently mapped to a corresponding sub-sequence of
symbols, each symbol being represented by a distinct
tone in the signature, i.e., each symbol is not "spread"
over all the tones, or all the non-zero tones, in the signa-
ture. This means that, at the receiver, tone-by-tone de-
modulation can be used to decode the transmitted sym-
bols, which can significantly reduce the computational
cost associated with decoding received signals.
[0072] Fig. 6 shows an example of an encoder config-
ured to encode binary data using a subset of tones as-
sociated with a signature (Signature2) using independent
constellations in accordance with an embodiment of the
present disclosure. Fig. 6 shows binary data being re-
ceived at the encoder. The encoder may have access to
a database (e.g., see Fig. 2) that includes a codebook
mapping that indicates that the received binary data is
associated with three independent constellations
(Codebook2). The encoder also knows, from the data-
base, that the signature for Codebook2 is Signature2
(which corresponds to tones 3, 10 and 12, see Fig. 3A)
and that the "Constellation Particulars" field for
Codebook2 field is populated by the value "Independent".
This, together with possibly other information regarding
Codebook2, allows the encoder to encode the binary da-
ta into a series of symbols using three independent con-
stellations for the three tones of Signature2 (tones 3, 10
and 12). The independent constellations may have any
suitable dimensionality, and any point in each independ-
ent constellation is projected onto only one of the tones.
For example, to encode 8 data bits using three tones,
three two-dimensional constellations may be used, with
two subsets of 2 data bits being mapped to two two-di-
mensional spaces (1 bit in each dimension) using two
QPSK modulations and one subset of 4 data bits being
mapped to a two-dimensional space (2 bits in each di-
mension) using 16-QAM modulation.
[0073] It should be appreciated that in the case of in-
dependent constellations, it is possible but not necessary
that the same or different modulation techniques may be
used to create the output symbols. For example, where
there are three tones associated with three independent
constellations, the three constellations may be used for
the same type of modulation (e.g., QPSK, QAM, etc.) or
there may be a difference in the type of modulation used
for each tone (e.g., QPSK for two and 16QAM for the
other one, as illustrated in the example shown in Fig. 6,
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etc.) or in the power level or phase rotation used for the
modulation scheme on a particular tone. A complete list
of possible modulation techniques is not provided here,
but those skilled in the art will appreciate that any mod-
ulation technique is covered, including but not limited to
PSK and QAM modulations (e.g. BPSK, QPSK, 8PSK,
16QAM,etc.).
[0074] Of course, even though the term "independent"
is used in the above, this does not preclude a correlation
existing amongst the symbols carried between different
tones of a symbol stream. This correlation may be intro-
duced by a forward error correcting (FEC) encoder at the
transmitter/encoder. An example of this correlation can
be having redundant bits between the input bit stream
mapped to different tones of a symbol stream. It should
also be appreciated that when 3 or more tones are as-
sociated with a signature, it is not necessary to restrict
the constellation design to "all joint" or "all independent".
Indeed, N tones (where N is at least 3) can be broken up
into between 2 and (N-1) more constellations in any suit-
able way that may occur to persons skilled in the art. Of
course, when there are N constellations for N tones, then
this is the case of "independent" constellation particulars
described previously, and where a single constellation is
designed for all N tones, this is the case of "joint" con-
stellation particulars, also described previously.
[0075] Of course, different signatures need not all have
the same number of tones. Also, some signatures may
have a single tone, and other signatures may have more
than one tone. For the single-tone signature(s) this would
result in not being able to devise a codebook with a "joint"
constellation, because there is only a single tone.
[0076] Also, the signatures need not be associated
with a distinct receiver, such as a UE or a base station.
For example, the binary (or M-ary) data for a receiver
could be split over multiple component streams, each
component stream being encoded with a different signa-
ture or a different codebook as described above.
[0077] It will be appreciated that in the case of a joint
constellation, each tone has a certain number of "projec-
tions" that is greater than in the case of independent con-
stellations. Thus, the flexibility to choose, for a given data
stream, whether to encode that stream using a joint con-
stellation or independent constellations has the potential
advantages of better accommodating differences in pay-
loads among different receivers because lower band-
width receivers can be encoded using more robust en-
coding schemes. In particular, it will be appreciated that
a joint 16-point constellation devised using 4 bits over
two tones (16 = 24) can encode the same number of bits
as two independent 4-point constellations (e.g., QPSK).
An advantage of the joint constellation is the frequency
diversity achieved by spreading over both tones. Also,
when switching to the independent constellations, de-
coding complexity may be reduced, as described previ-
ously.
[0078] A method for transmitting according to an em-
bodiment of the present disclosure includes applying

FEC encoding, e.g. turbo encoding, to a stream of input
bits associated with a first data layer to generate a first
stream of coded bits. The first stream of coded bits is
mapped to K binary streams. A layer-specific set of
stream-specific modulations are applied to the K binary
streams to generate K independent complex-valued
symbol streams. The K independent complex-valued
symbol streams are mapped to T resource elements out
of N resource elements of a shared resource, the T re-
source elements being defined by a layer-specific signa-
ture of length N, where 1 ≤ T ≤ N.
[0079] Referring to Fig. 7, which is a block diagram of
an apparatus implementing a signal spreading technique
according to an aspect of the disclosure, an example of
a general framework for an encoder 590 for encoding
binary data using different tones for different subsets of
bits in the input data will be described. The encoder 590
includes a binary FEC encoder 510, a bit mapper 530
coupled to the binary FEC encoder, a layer-specific set
550 of stream-specific modulators 5501, 5502 ... 550K
coupled to the bit mapper, and a symbol mapper 570
coupled to the modulators. The components in Fig. 7
could be implemented in circuitry that is configured to
perform operations as disclosed herein. These compo-
nents could be implemented using hardware, firmware,
components which execute software that is stored on
one or more non-transitory computer or processor read-
able media, examples of which are provided above, or
some combination thereof. Electronic devices that might
be suitable for implementing any or all of these compo-
nents include, among others, microprocessors, micro-
controllers, Programmable Logic Devices (PLDs), Field
Programmable Gate Arrays (FPGAs), Application Spe-
cific Integrated Circuits (ASICs), and other types of "in-
telligent" integrated circuits.
[0080] A bit stream or sequence 500 associated with
a data layer is shown to represent the input binary bits
to be transmitted to an intended receiver, such as a UE,
for downlink communications. Embodiments could also
or instead be implemented for uplink communications
from UEs to a base station or a network node. Therefore,
a UE is referenced herein as an illustrative example of a
receiver. A base station, network node, or other network
equipment could also or instead be an intended receiver
of transmitted signals. The input bits of the bit sequence
500 are fed into a binary FEC encoder 510 to generate
the stream or sequence of coded bits 520. Then, the se-
quence of coded bits 520 is mapped to K binary sequenc-
es 5401, 5402 ... 540K using a bit mapper 530. The binary
sequences 5401-K include subsets of the coded bits 520.
These subsets are determined by bit mapper 530. The
subsets may be overlapping, i.e. they might have some
elements in common. Bit mapper 530 also determines
the order of the coded bits in each binary sequence
5401-K. The bit mapper 530 could interleave, scramble,
or otherwise change the order of the coded bits 520 be-
fore they are mapped to the binary sequences 5401-K. In
another embodiment, a separate bit level interleaver /
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scrambler could be provided and coupled between the
binary FEC encoder 510 and the bit mapper 530. In other
embodiments, the bit mapper 530 performs any bit-level
interleaving, and a separate bit-level scrambler is cou-
pled between the FEC encoder 510 and the bit mapper.
[0081] The binary sequences 5401-K are mapped to K
independent complex-value symbol streams 5601,
5602 ... 560k using a layer-specific set 550 of stream-
specific modulators 5501, 5502 ... 550K.
[0082] The set of complex-valued symbol streams
5601, 5602 ... 560k are mapped to T resource elements,
e.g., OFDM tones, of a shared resource by a symbol
mapper 570 to generate the output symbols 580 to be
transmitted. The symbol mapper 570 maps the K inde-
pendent complex-valued symbol streams to T resource
elements out of N resource elements of a shared re-
source, the T resource elements being defined by a layer-
specific signature of length N, where 1 ≤ T < N.
[0083] In some embodiments, a controller 592 may be
configured to control the FEC encoder 510, the bit map-
per 530, the set 550 of stream specific modulators 5501,
5502 ... 550K or the symbol mapper 570. For example,
controller 592 may determine the data layer associated
with input bit stream 500 by checking a database 594
that includes rules, information, or criteria for configuring
the foregoing components. For example, the database
594 may store layer-specific configuration information
that identifies, for each of one or more layers, layer-spe-
cific signatures and layer-specific sets of stream-specific
modulators to be used for transmitting data associated
with the layer. For one or more of the layers, the config-
uration of the components may be further based on ad-
ditional criteria, such as the FEC rate of the FEC encoder
510 or a target spectral efficiency. For example, a less
sparse signature or higher ordered modulations may be
used for a higher FEC rate or a higher target spectral
efficiency. The layer-specific signature used to map the
complex-valued symbol streams to resource elements
of the shared resource, and information about the layer-
specific set of stream-specific modulators, can be ob-
tained at the receiver side by signaling the layer index
and modulation and coding scheme (MCS) or spectral
efficiency associated with the input bit stream.
[0084] In some embodiments, transmit power may be
unequally assigned to the complex-valued symbol
streams. In some embodiments, the transmit powers as-
signed to the complex-valued symbol streams may be a
function of the layer index, i.e., layer-specific, or a func-
tion of each stream-specific modulator used to generate
a particular complex-valued symbol stream, e.g., a QPSK
symbol may be assigned a higher transmit power than a
BPSK symbol. In some embodiments, the power assign-
ment can also be a function of the FEC rate used to en-
code the input bit stream. In some embodiments, the
power assignment may also be a function of the sparsity
level of the signature or the proportion of different mod-
ulators in the set of stream-specific modulators. In some
embodiments, transmit powers may be assigned to the

complex-valued symbol streams using a layer-specific
power scaling vector of length K.
[0085] In some embodiments, different phase rotations
may be applied to the complex-valued symbol streams
for better receiver performance. The different phase ro-
tations applied to the different modulated signals may
also be layer-specific. In some embodiments, the phase
rotations can also be a function of the FEC rate used to
encode the input bit stream. In some embodiments, the
phase rotations may also be a function of the sparsity
level of the signature or the proportion of different mod-
ulators in the set of stream-specific modulators. In some
embodiments, phase rotations may be applied to the
complex-valued symbol streams using a layer-specific
phase rotation vector of length K.
[0086] One purpose of applying unequal transmit pow-
ers or phase rotations to different complex-valued symbol
streams is to optimize decoding performance at a receiv-
er when multiple layers are multiplexed together.
[0087] In one embodiment, the coded bit stream 520
includes coded bits b11b12b13, and bit mapper 530 gen-
erates two streams 5401-2, including a first stream with
bit b11 and a second stream including bits b12b13. In this
case, the streams are disjoint, because there is no over-
lap in the bits of each stream. In this example, the mod-
ulator 5501 could be a BPSK modulator and the modu-
lator 5502 could be a QPSK modulator. It will be appre-
ciated that 8-point SCMA codebooks can be defined by
using different combinations of layer-specific sparsity
patterns and configurations of the modulators 5501-2.
[0088] Fig. 8 illustrates an example of 8-point SCMA
codebooks for six layers that use the same sparsity pat-
tern as conventional SCMA codebooks with a spreading
factor (SF) of 4, i.e., T=2, N=4. Using these codebooks,
independent BPSK and QPSK signals are transmitted
over the non-zero tones for each layer. The sequence of
BPSK and QPSK modulators across the layers is shuffled
to make the collision pattern more uniform, i.e., the se-
quence of BPSK and QPSK modulators is layer-specific.
[0089] As noted above, in some embodiments unequal
transmit powers or phase rotations may be assigned to
the BPSK and QPSK signals for better receiver perform-
ance.
[0090] Fig. 9 is a block diagram of an apparatus imple-
menting bit mapping and modulation to implement the 8-
point SCMA codebook for Layer 1 shown in Fig. 8. The
apparatus in Fig. 9, like the apparatus in Fig. 7, includes
a bit mapper 730, a layer-specific set 750 of stream-spe-
cific modulators 7501, 7502 coupled to the bit mapper,
and a symbol mapper 770 coupled to the modulators.
The example implementations of components in Fig. 7
provided above also apply to the corresponding compo-
nents in Fig. 9. Operation of components as described
above with reference to Fig. 7 also apply to the corre-
sponding components in Fig. 9.
[0091] In Fig. 9, the bit mapper 730 maps input bits
720 to bit streams 7401-2 such that bits b11 and b14 are
mapped to bit stream 7401 and bits b12, b13, b15 and b16
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are mapped to bit stream 7402. The layer specific set 750
of stream-specific modulators 7501 and 7502 is config-
ured so that the first stream-specific modulator 7501 ap-
plies a BPSK modulation to bit stream 7401 to generate
complex-valued symbol stream 7601 and the second
stream-specific modulator 7502 applies a QPSK modu-
lation to bit stream 7402 to generate complex-valued
symbol stream 7602. As shown, the bit streams 7401-2
include segments b11 b14 and b12 b13 b15 b16 of different
lengths, in ratios proportional to the modulation orders
of the modulators 7501, 7502. Symbol mapper 770 maps
the independent complex valued symbol streams to the
first and third tones of the shared resource in accordance
with the non-zero elements of the layer-specific signature
of Layer 1 in Fig. 8. It is noted that the same configuration
of bit mapper 730 and modulators 7501 and 7502 could
also be used to implement Layer 4 or 5 by reconfiguring
symbol mapper 770 in accordance with the layer-specific
signature of Layer 4 or 5.
[0092] In the example shown in Fig. 8, each of the six
layers has the same sparsity level (2 non-zero elements
out of 4), but different sparsity patterns, and each layer
has some shuffled combination of the same two modu-
lations, i.e., one BPSK modulation and one QPSK mod-
ulation. This means that each layer has the same spectral
efficiency (SE).
[0093] Fig. 10 illustrates an example of codebooks for
six layers in which different layers have different target
spectral efficiencies. The different spectral efficiency is
a result of utilizing a different sparsity level or a different
set of stream-specific modulations. In this example, Lay-
er 5 has very low target SE, so it is assigned only one
non-zero tone and a low QAM level (QPSK). Layer 3 has
low target SE, so it is assigned two non-zero tones and
a low QAM level (QPSK). Layers 1 and 4 have a medium
target SE, so they are assigned two non-zero tones with
combinations of QPSK and 16-QAM, however, the se-
quence of the two modulations is different in Layers 1
and 4. Layer 2 has a high target SE, so it is assigned two
non-zero tones with high QAM (16-QAM). Layer 6 has a
very high target SE, so it is assigned all resource ele-
ments (no sparsity) with high QAM (16-QAM). In some
embodiments there may be an unequal power assign-
ment to different modulation signals or different phase
rotations may be applied to different modulation signals
for better receiver performance.
[0094] Fig. 11 is a block diagram of an apparatus im-
plementing bit mapping and modulation to implement the
codebook for Layer 4 shown in Fig. 10. The apparatus
in Fig. 11, like the apparatus in Fig. 7, includes a bit map-
per 930, a layer-specific set 950 of stream-specific mod-
ulators 9501, 9502 coupled to the bit mapper, and a sym-
bol mapper 970 coupled to the modulators. The example
implementations of components in Fig. 7 provided above
also apply to the corresponding components in Fig. 11.
Operation of components as described above with ref-
erence to Fig. 7 also apply to the corresponding compo-
nents in Fig. 11.

[0095] In Fig. 11, the bit mapper 930 maps input bits
920 to bit streams 9401-2 such that bits b11 and b10 are
mapped to bit stream 9401 and bits b13, b12, b14 and b11
are mapped to bit stream 9402. The layer specific set 950
of stream-specific modulators 9501 and 9502 is config-
ured so that the first stream-specific modulator 9501 ap-
plies a QPSK modulation to bit stream 9401 to generate
complex-valued symbol stream 9601 and the second
stream-specific modulator 9502 applies a 16-QAM mod-
ulation to bit stream 9402 to generate complex-valued
symbol stream 9602. Here again, the bit streams 9401-2
include segments b11 b10 and b13 b12 b14 b11 of different
lengths, in ratios proportional to the modulation orders
of the modulators 9501, 9502. Symbol mapper 970 maps
the independent complex valued symbol streams to the
third and fourth tones of the shared resource in accord-
ance with the non-zero elements of the layer-specific sig-
nature of Layer 4 in Fig. 10.
[0096] It is noted that in Fig. 11, the bit mapper 930
maps input bits 920 to bit streams 9401-2 such that bit
b11 is common to both bit streams, and bits b13, b12, b14
and b10 are disjoint between the bit streams. As such,
the bit mapper 930 provides signal spreading, in that bit
b11 is spread over two tones.
[0097] Although Figs. 9 and 11 illustrate only a bit map-
per, modulators coupled to the bit mapper and a symbol
mapper coupled to the modulators, other components
such as a binary FEC encoder, a bit-level interleav-
er/scrambler, for example, could be provided in other em-
bodiments.
[0098] Referring now to Fig 12, which is a block dia-
gram of a signal spreading and multi-user signal multi-
plexing apparatus according to another aspect of the dis-
closure, an example of signal spreading and transmis-
sion multiplexing for downlink transmission will be dis-
cussed. In access point 1001, T layer-specific input bit
streams 10001 ... 1000T are first fed into the blocks
10901 ... 1090T representing binary FEC, modulation,
and spreading (using layer-specific bit mapping, modu-
lation and symbol mapping as described above). Then,
each stream of output symbols may optionally be fed into
layer-specific power scalers 10961-T, which apply power
scaling vectors to scale the input symbols using a real-
valued vector to generate power-scaled symbols. Each
stream of symbols may optionally be fed into layer-spe-
cific phase rotators 10981-T, which apply phase rotation
vectors to apply phase rotations to the power-scaled
symbols to generate power-scaled and phase-rotated
symbols. The power-scaled and phase-rotated symbols
are added together by adder 1002 and generate a mul-
tiplexed symbol stream, which is transmitted by transmit
chain 1004 through antenna 1006 for reception by UEs
10141-T through antennas 10121-T. The example imple-
mentations of components in Fig. 7 provided above also
apply to the components in Fig. 12. Such implementa-
tions could also be applied to the UEs 10141-T. The an-
tennas 1006, 10121-T could include one or more physical
antenna elements of any of various types, together with
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appropriate transmit circuitry or modules at the access
point 1001 and at least appropriate receive circuitry or
modules at the UEs 10141-T.
[0099] Referring now to Fig. 13, which is a block dia-
gram of a signal spreading apparatus according to an-
other aspect of the disclosure, an example of signal
spreading and transmission for uplink transmission will
be discussed. This example includes two UEs 11141 and
11142 with uplink transmissions to an access point 1101.
As noted above, in some embodiments a UE may be
assigned more than one layer. For illustrative purposes,
in this example the first UE 11141 is assigned two layers
and transmits two data streams to the access point 1101.
The second UE 11142 is assigned only one layer and
transmits one data stream to the access point 1101. In
the first UE 11141, two layer-specific input bit streams
11001 and 11002 are first fed into the blocks 11901 and
11902 representing binary FEC, modulation, and spread-
ing (using layer-specific bit mapping, modulation and
symbol mapping as described above). The streams of
output symbols from the blocks 11901 and 11902 are add-
ed together by adder 1102 and generate a multiplexed
symbol stream which is transmitted by transmit chain
11041 through antenna 1106 for reception by access
point 1101 through antenna 1106. In the second UE
11141, a single layer-specific input bit stream 11003 is
first fed into the blocks 11903 representing binary FEC,
modulation, and spreading (using layer-specific bit map-
ping, modulation and symbol mapping as described
above). The stream of output symbols from the blocks
11903 is transmitted by transmit chain 11042 through an-
tenna 11122 for reception by access point 1101 through
antenna 1106. The example implementations of compo-
nents in Fig. 7 provided above also apply to the compo-
nents in Fig. 13. The antennas 1106, 11121-2 could in-
clude one or more physical antenna elements of any of
various types, together with appropriate transmit circuitry
or modules at the UEs 11141-2 and at least appropriate
receive circuitry or modules at the access point 1101.
[0100] Referring to Fig. 14, which is a block diagram
of a receiver apparatus according to another aspect of
the disclosure, an example of a receiver to decode data
streams corresponding to a plurality of transmitters will
be described. Such a receiver may be used to decode
uplink data streams corresponding to a plurality of UEs
in an access point, for example. The example apparatus
includes a maximum a posteriori prediction (MAP) re-
ceiver 1202, binary FEC decoders 1204 having inputs
coupled to outputs of the MAP receiver, a quantizer 1206
having inputs coupled to outputs of the FEC decoders,
a subtractor 1208 having a first set of inputs coupled to
the outputs of the FEC decoders and a second set of
inputs coupled to the outputs of the MAP receiver, a con-
stellation probability calculator having inputs coupled to
outputs of the constellation probability calculator and out-
puts coupled to inputs of the MAP receiver. The compo-
nents in Fig. 14 could be implemented in circuitry that is
configured to perform operations as disclosed herein,

and examples are described above.
[0101] A received signal 1200 is fed into the MAP re-
ceiver 1202. In this example, the received signal 1200
includes three layer-specific sets of independent com-
plex-valued symbols streams transmitted using three lay-
er-specific sets of resource elements. The MAP receiver
1202 applies a tone-by-tone MAP algorithm to the re-
ceived signal to generate coded bit log likelihood ratios
(LLRs) 1203. The coded bit LLRs are fed to the FEC
decoders 1204 to generate decoded bit LLRs 1205.
Quantizer 1206 determines streams of input bits 1212
based on the decoded bit LLRs 1205 from FEC decoders
1204. Subtractor 1208 is used to calculate extrinsic LLRs
1207 by subtracting the input bit LLRs 1203 from the
output bit LLRs 1205. Constellation probability calculator
1210 calculates, based on the extrinsic LLRs 1207, a
priori probabilities for the MAP decoders of the MAP re-
ceiver 1202 to use for the next iteration of the MAP al-
gorithm.
[0102] For each tone, the MAP receiver 1202 uses
knowledge of the active layers on the tone and their cor-
responding modulation level (and power and phase ro-
tations, if applicable) in applying the MAP algorithm.
[0103] In the example shown in Fig. 14, the MAP al-
gorithm is applied across all of the active layers on a
given tone. In some embodiments, a successive interfer-
ence cancellation (SIC) strategy is used, in which the
MAP algorithm is applied over only a subset of the active
layers, treating other layers as interference. In one em-
bodiment, tone-based selection is used to select the sub-
set of active layers for each resource element. In tone-
based selection, at each tone a subset of the active layers
is selected based on the signal to interference plus noise
ratio (SINR) or data throughput capacity of the active
layers. For example, the MAP algorithm may be applied
over only the subset of active layers with the highest SINR
on a particular tone (e.g., out of three active layers on a
given tone, the MAP algorithm may be applied over only
the two active layers with the highest SINR). In another
embodiment, layer-based selection is used to select the
subset of active layers for each resource element. In lay-
er-based selection, the subset of active layers for all
tones is selected based on average SINR or average
normalized capacity of the active layers over the resource
elements.
[0104] Figs. 15A and 15B depict examples of the ap-
plication of layer-based and tone-based selection, re-
spectively. As shown in Fig. 15A, the MAP algorithm is
applied only over the active elements of layers 2 and 3
on each tone, treating the elements of layer 1 as inter-
ference. In contrast, in Fig. 15B, a respective subset of
active layers is selected on each tone individually, e.g.,
on the first tone the MAP algorithm is applied over the
active elements of layers 2 and 3, treating the active el-
ement of layer 1 as interference, whereas on the sixth
tone the MAP algorithm is applied over the active ele-
ments of layers 1 and 2, treating the active element of
layer 3 as interference. In general, the number of layers
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considered for MAP may depend on a complexity con-
straint of the receiver or the modulation order of the lay-
ers.
[0105] Simulation results are now presented with ref-
erence to Fig. 16. Fig. 16 is a plot of simulation results
for uplink (UL) block error rate (BLER) vs. signal to noise
ratio (SNR) for an embodiment of the present disclosure
(identified as SCMA 842) compared to conventional SC-
MA (identified as SCMA 84) for two different spectral ef-
ficiencies (0.25 and 0.375) with no UE or receiver (Rx)
correlation.
[0106] As shown in Fig. 16, the new SCMA solution
according to an embodiment of the present disclosure
provides comparable performance to the conventional
SCMA codebook with less decoding complexity.
[0107] Various embodiments are described by way of
example above. Fig. 17A is a flow diagram of example
operations in a transmitter according to an embodiment
of the present disclosure.
[0108] At 1502, the transmitter applies forward error
correction (FEC) encoding to a first stream of input bits
associated with a first data layer to generate a first stream
of coded bits. At 1504, the transmitter maps the first
stream of coded bits to K1 binary streams. As also de-
scribed elsewhere herein, the mapping could include in-
terleaving or scrambling of the stream of coded bits. In
other embodiments, either or both of interleaving and
scrambling could be provided separately from the map-
ping. At 1506, the transmitter applies a first layer-specific
set of stream-specific modulators to the K1 binary
streams to generate K1 independent complex-valued
symbol streams. At 1508, the transmitter transmits the
symbol streams using T1 resource elements out of N1
resource elements. The T1 resource elements being de-
fined by a first layer-specific signature of length N1, where
1 ≤ T1 < N1.
[0109] Other variations of the example operations
could include performing the illustrated operations in any
of various ways or performing additional or fewer oper-
ations.
[0110] For example, the first layer-specific signature
or the first layer-specific set of stream-specific modula-
tors could be selected based at least in part on at least
one communication parameter associated with the
stream of input bits. The communication parameter could
be a layer index associated with the first data layer, a
coding rate of the FEC encoding applied to the first
stream of input bits or a target spectral efficiency, for
example.
[0111] In some embodiments, the resource elements
could be OFDM tones.
[0112] The stream-specific modulators that are applied
at 1506 could be applied by QAM mappers.
[0113] In some embodiments, the mapping at 1504
could involve mapping the first stream of coded bits such
that at least one coded bit is mapped to more than one
of the K1 binary streams and none of the K1 binary
streams are identical to each other. In other embodi-

ments, the mapping at 1504 involves mapping the first
stream of coded bits involves dividing the first stream of
coded bits to K1 disjoint binary streams.
[0114] The operations could also involve assigning
stream-specific transmit powers or stream-specific
phase rotations to the K1 independent complex-valued
symbol streams prior to transmission at 1508. In some
embodiments, there could be an unequal power assign-
ment between at least some of the K1 independent com-
plex-valued symbol streams. For example, at least one
independent complex-valued symbol stream generated
using a relatively higher-ordered stream-specific modu-
lator could be assigned a higher transmit power than at
least one independent complex-valued symbol stream
generated using a relatively lower-ordered stream-spe-
cific modulator.
[0115] In some embodiments, the FEC encoding at
1502 could further involve applying FEC encoding to a
second stream of input bits associated with a second
data layer to generate a second stream of coded bits.
Similarly, the mapping at 1504 could further involve map-
ping the second stream of coded bits to K2 binary
streams, a second layer-specific set of stream-specific
modulators could be applied to the K2 binary streams at
1506, to generate K2 independent complex-valued sym-
bol streams, and the K2 independent complex-valued
symbol streams could be transmitted at 1508 using T2
resource elements out of N2 resource elements. The T2
resource elements may be defined by a second layer-
specific signature of length N2, where 1 ≤ T2 ≤ N2. The
first and second layer-specific signatures could differ in
at least one of sparsity pattern and sparsity level. K1 could
be the same or different than K2. Similarly, N1 could be
the same or different than N2. In some embodiments,
wherein the first and second symbol streams are trans-
mitted from the same transmitter, they are multiplexed
together by adding the symbols over overlapped tones.
In some embodiments, the first and second layer-specific
sets of stream-specific modulators differ in at least one
of a sequence of the stream-specific modulators in each
set and a proportion of different stream-specific modula-
tors in each set. In some embodiments, layer-specific
transmit powers or layer-specific phase rotations are ap-
plied to the independent complex-valued symbol streams
prior to transmission at 1508. For example, in one em-
bodiment a first layer-specific set of stream-specific
transmit powers is applied to the K1 independent com-
plex-valued symbol streams, and a second layer-specific
set of stream-specific transmit powers is applied to the
K2 independent complex-valued symbol streams.
[0116] Example receiver/decoder-side operations are
shown by way of example in Fig. 17B. At 1550, a receiver
receives a signal that includes at least one layer-specific
set of independent complex-valued symbol streams
transmitted using a layer-specific set of resource ele-
ments of a shared resource is received. At 1552, the re-
ceiver applies a resource element-by-resource element
MAP algorithm to the received signal to generate input
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bit LLRs. The input bit LLRs are fed to FEC decoders at
1554 to generate output bit LLRs. In some embodiments,
the MAP algorithm applied at 1552 involves calculating
extrinsic LLRs based on the output bit LLRs and the input
bit LLRs, and calculating, based on the extrinsic LLRs,
a priori probabilities for a next iteration of the MAP algo-
rithm. At 1556, a first stream of input bits associated with
a first data layer is determined based on the output bit
LLRs from the FEC decoder associated with the first data
layer. The MAP algorithm used at 1552 is one illustrative
example of an estimation algorithm that may be used in
an embodiment of the present disclosure. In other em-
bodiments, other estimation algorithms, such as a linear
Minimum Means Square Error (MMSE) algorithm, may
be used.
[0117] In some embodiments, applying the resource
element-by-resource element MAP algorithm at 1552 in-
volves, for each resource element, applying the MAP al-
gorithm over only a subset of active layers, treating other
layers as interference. For example, resource element-
based selection is used in some embodiment to select
the subset of active layers for each resource element.
The resource element-based selection may be based on
the SINR of the active layers, for example. In other em-
bodiments, layer-based selection is used to select the
subset of active layers for all resource elements. For ex-
ample, in layer-based selection the subset of active lay-
ers may be selected based on average SINR or average
normalized capacity of the active layers over the resource
elements. In some embodiments, the number of active
layers in the subset of active layers over which the MAP
algorithm is applied is selected based on a complexity
constraint of a receiver or an order of stream-specific
modulators used to generate layer-specific sets of inde-
pendent complex-valued symbol streams.
[0118] Fig. 18 is a block diagram of an example appa-
ratus in which embodiments could be implemented. The
apparatus 1600 includes a modulator/encoder 1604 cou-
pled to an input 1602. The apparatus 1600 also includes
a transmitter 1606 coupled to the parity modulator/en-
coder 1604. In the illustrated embodiment, the apparatus
1600 also includes an antenna 1608, coupled to a trans-
mitter 1606, for transmitting signals over a wireless chan-
nel. In some embodiments, the transmitter 1606 includes
components of an RF transmit chain. A memory 1612 is
also shown in Fig. 18, coupled to the modulator/encoder
1604 and to the transmitter 1606.
[0119] In an embodiment, the modulator/encoder 1604
is implemented in circuitry, such as a processor, that is
configured to implement features as disclosed herein.
The modulator/encoder 1604 could include components
as shown in any of Figs. 7, 9, 11, 12, 13, for example. In
a processor-based implementation of the modulator/en-
coder 1604, processor-executable instructions to config-
ure a processor to perform operations disclosed herein
are stored in a non-transitory processor-readable medi-
um. The non-transitory medium could include, in the
memory 1612 for example, one or more solid-state mem-

ory devices or memory devices with movable and possi-
bly removable storage media.
[0120] An apparatus could therefore include a proces-
sor, and a memory such as 1612 coupled to the proces-
sor, storing instructions which, when executed by the
processor, cause the processor to perform a method as
disclosed herein.
[0121] Fig. 18 generalizes an apparatus that includes
a binary FEC encoder to apply FEC encoding to a first
stream of input bits associated with a first data layer to
generate a first stream of coded bits; a bit mapper, op-
eratively coupled to the binary FEC encoder, to map the
first stream of coded bits to K1 binary streams; a first
layer-specific set of stream-specific modulators, coupled
to the bit mapper, to generate K1 independent complex-
valued symbol streams based on the K1 binary streams;
and a transmitter, operatively coupled to the first layer-
specific set of stream-specific modulators, to transmit the
K1 independent complex-valued symbol streams using
T1 resource elements out of N1 resource elements, the
T1 resource elements being defined by a first layer-spe-
cific signature of length N1, where 1 ≤ T1 < N1. These
components represent one example implementation of
the modulator/encoder 1604 and transmitter 1606.
[0122] A bit mapper could be configured to interleave
or scramble the stream of coded bits. In other embodi-
ments, either or both of interleaving and scrambling could
be implemented separately from a bit mapper, in a bit-
level interleaver/scrambler, for example.
[0123] Any of the variations described above with ref-
erence to encoding, modulation, transmission, or related
features in Figs. 17A or 17B could be applied in an ap-
paratus implementation. For example, the binary
streams into which coded bits are mapped by a bit map-
per could, but might not necessarily be, disjoint. The bit
mapper could be configured to divide the coded bits
among the binary streams.
[0124] In some embodiments, the modulator/encoder
1604 could include a controller to configure the bit map-
per and the first layer-specific set of stream-specific mod-
ulators based at least in part on at least one communi-
cation parameter associated with the stream of input bits.
The communication parameter(s) could include a layer
index associated with the first data layer, a coding rate
of the FEC encoding applied to the first stream of input
bits or a target spectral efficiency, for example.
[0125] The modulator/encoder 1604 could include a
plurality of stream-specific QAM mappers, to apply QAM
mapping with Gray or non-Gray labeling. The steam-spe-
cific QAM mappers could be of different orders.
[0126] The modulator/encoder 1604 could include a
power scaler, operatively coupled between the stream-
specific modulators and the transmitter 1606, to assign
stream-specific transmit powers to the K1 independent
complex-valued symbol streams prior to transmission.
The power scaler may assign transmit powers unequally
between at least some of the K1 independent complex-
valued symbol streams. For example, the power scaler
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may assign transmit powers such that at least one inde-
pendent complex-valued symbol stream generated using
a relatively higher-ordered stream-specific modulator is
assigned a higher transmit power than at least one inde-
pendent complex-valued symbol stream generated using
a relatively lower-ordered stream-specific modulator.
[0127] The modulator/encoder 1604 could include a
phase rotator, operatively coupled between the stream-
specific modulators and the transmitter 1606, to assign
stream-specific phase rotations to the K1 independent
complex-valued symbol streams prior to transmission.
[0128] In some embodiments, the modulator/encoder
1604 could include a second FEC encoder to apply FEC
encoding to a second stream of input bits associated with
a second data layer to generate a second stream of cod-
ed bits, a second bit mapper, operatively coupled to the
second FEC encoder, to map the second stream of coded
bits to K2 binary streams, and a second layer-specific set
of stream-specific modulators, operatively coupled be-
tween the second bit mapper and the transmitter, to gen-
erate K2 independent complex-valued symbol streams
based on the K2 binary streams. In such embodiments,
the transmitter 1606 could transmit the K2 independent
complex-valued symbol streams using T2 resource ele-
ments out of N2 resource elements, the T2 resource el-
ements being defined by a second layer-specific signa-
ture of length N2, where 1 ≤ T2 ≤ N2. The first and second
layer-specific signatures could differ in at least one of
sparsity pattern and sparsity level. The first and second
layer-specific sets of stream-specific modulators differ in
terms of the sequence of the stream-specific modulators
in each set or the proportion of different stream-specific
modulators in each set.
[0129] In some embodiments, the modulator/encoder
1604 includes first and second power scalers to assign
first and second layer-specific vectors of stream-specific
transmit powers to the K1 and K2 independent complex-
valued symbol streams, respectively, prior to transmis-
sion.
[0130] In some embodiments, the modulator/encoder
1604 includes first and second phase rotators to assign
first and second layer-specific vectors of stream-specific
phase rotations to the K1 and K2 independent complex-
valued symbol streams, respectively, prior to transmis-
sion.
[0131] Fig. 19 is a block diagram of another example
apparatus in which embodiments could be implemented.
The apparatus 1700 includes a receiver 1704 coupled to
an antenna 1702 for receiving signals from a wireless
channel, and to a demodulator/decoder 1706. A memory
1712 is also shown in Fig. 19, coupled to receiver 1704
and to the demodulator/decoder 1714.
[0132] In some embodiments, the receiver 1704 in-
cludes components of an RF receive chain. The receiver
1704 receives, via the antenna 1702, signals that include
data streams that are to be decoded. The demodula-
tor/decoder 1706 is configured to implement receiver de-
coder-side features as disclosed herein. Decoded bits

are output at 1720 for further receiver processing.
[0133] In some embodiments, the apparatus 1700, and
similarly the apparatus 1600 in Fig. 18 as noted above,
include a non-transitory computer readable medium at
1612, 1712 that includes instructions for execution by a
processor to implement or control operation of the mod-
ulator/encoder 1604 in Fig. 18, to implement or control
operation of the and the demodulator/decoder 1706 in
Fig. 19, or to otherwise control the execution of methods
described herein. In some embodiments, the processor
may be a component of a general-purpose computer
hardware platform. In other embodiments, the processor
may be a component of a special-purpose hardware plat-
form. For example, the processor may be an embedded
processor, and the instructions may be provided as
firmware. Some embodiments may be implemented by
using hardware only. In some embodiments, the instruc-
tions for execution by a processor may be embodied in
the form of a software product. The software product may
be stored in a non-volatile or non-transitory storage me-
dium, which could be, for example, a compact disc read-
only memory (CD-ROM), universal serial bus (USB) flash
disk, or a removable hard disk, at 1612, 1712.
[0134] In an embodiment, the demodulator/decoder
1706 is implemented in circuitry that is configured to im-
plement features as disclosed herein. The demodula-
tor/decoder 1706 could include components as shown in
Fig. 14, for example. The receiver 1704 or the demodu-
lator/decoder 1706 could be fully or partially implemented
in software or modules stored in the memory 1712 and
executed by a processor(s) of the apparatus 1700.
[0135] An apparatus could therefore include a proces-
sor, and a memory such as 1712 coupled to the proces-
sor, storing instructions which, when executed by the
processor, cause the processor to perform a method as
disclosed herein, or receiving / decoding operations cor-
responding to transmitting / encoding operations dis-
closed herein.
[0136] Communication equipment could include the
apparatus 1600, the apparatus 1700, or both a transmit-
ter and a receiver and both a modulator/encoder and a
demodulator/decoder. Such communication equipment
could be user equipment or communication network
equipment.
[0137] Fig. 19 generalizes an apparatus that includes
a receiver configured to apply a resource element-by-
resource element MAP algorithm to a received signal to
generate coded bit LLRs, the received signal comprising
at least one layer-specific set of independent complex-
valued symbol streams transmitted using a layer-specific
set of resource elements of a shared resource; a set of
forward error correction (FEC) decoders, operatively
coupled to the receiver, to generate decoded bit LLRs
based on the coded bit LLRs; and a quantizer, operatively
coupled to the set of FEC decoders, to determine a first
stream of input bits associated with a first data layer
based on the decoded bit LLRs from the FEC decoder
associated with the first data layer. These components
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represent one example implementation of the receiver
1704 and demodulator/decoder 1706.
[0138] Figs. 18 and 19 are generalized block diagrams
of apparatus that could be used to implement embodi-
ments disclosed herein. Fig. 20 is a block diagram of an
example processing system, which may be used to im-
plement embodiments disclosed herein. The apparatus
1600, the apparatus 1700, or both, may be implemented
using the example processing system 1800, or variations
of the processing system 1800. The processing system
1800 could be a server or a mobile device, for example,
or any suitable processing system. Other processing sys-
tems suitable for implementing embodiments described
in the present disclosure may be used, which may include
components different from those discussed below. Al-
though Fig. 20 shows a single instance of each compo-
nent, there may be multiple instances of each component
in the processing system 1800.
[0139] The processing system 1800 may include one
or more processing devices 1805, such as a processor,
a microprocessor, an application-specific integrated cir-
cuit (ASIC), a field-programmable gate array (FPGA), a
dedicated logic circuitry, or combinations thereof. The
processing system 1800 may also include one or more
input/output (I/O) interfaces 1810, which may enable in-
terfacing with one or more appropriate input devices 1835
or output devices 1840. The processing system 1800
may include one or more network interfaces 1815 for
wired or wireless communication with a network (e.g., an
intranet, the Internet, a P2P network, a WAN or a LAN)
or other node. The network interfaces 1815 may include
wired links (e.g., Ethernet cable) or wireless links (e.g.,
one or more antennas) for intra-network or inter-network
communications. The network interfaces 1815 may pro-
vide wireless communication via one or more transmit-
ters or transmit antennas and one or more receivers or
receive antennas, for example. In this example, a single
antenna 1845 is shown, which may serve as both trans-
mitter and receiver. However, in other examples there
may be separate antennas for transmitting and receiving.
The processing system 1800 may also include one or
more storage units 1820, which may include a mass stor-
age unit such as a solid state drive, a hard disk drive, a
magnetic disk drive or an optical disk drive.
[0140] The processing system 1800 may include one
or more memories 1825, which may include a volatile or
non-volatile memory (e.g., a flash memory, a random ac-
cess memory (RAM), or a read-only memory (ROM)).
The non-transitory memories 1825 may store instruc-
tions for execution by the processing devices 1805, such
as to carry out examples described in the present disclo-
sure. The memories 1825 may include other software
instructions, such as for implementing an operating sys-
tem and other applications/functions. In some examples,
one or more data sets or modules may be provided by
an external memory (e.g., an external drive in wired or
wireless communication with the processing system
1800) or may be provided by a transitory or non-transitory

computer-readable medium. Examples of non-transitory
computer readable media include a RAM, a ROM, an
erasable programmable ROM (EPROM), an electrically
erasable programmable ROM (EEPROM), a flash mem-
ory, a CD-ROM, or other portable memory storage.
[0141] There may be a bus 1830 providing communi-
cation among components of the processing system
1800. The bus 1830 may be any suitable bus architecture
including, for example, a memory bus, a peripheral bus
or a video bus. In Fig. 20, the input devices 1835 (e.g.,
a keyboard, a mouse, a microphone, a touchscreen, or
a keypad) and output devices 1840 (e.g., a display, a
speaker or a printer) are shown as external to the
processing system 1800. In other examples, one or more
of the input devices 1835 or the output devices 1840 may
be included as a component of the processing system
1800.
[0142] Fig. 21 is a block diagram of an example com-
munication system in which embodiments of the present
disclosure could be implemented. The example commu-
nication system 1900 in Fig. 21 includes an access net-
work 1902 and a core network 1904. The access network
1902 includes network equipment 1910, 1912, 1914
which communicates over network communication links
1932, 1934, 1936, and user equipment 1922, 1924 which
communicates with network equipment 1914 in the ex-
ample shown, over access communication links 1938,
1939. The access network 1902 communicates with the
core network 1904 over another network communication
link 1940. The core network 1904, like the access network
1902, may include network equipment that communi-
cates with one or more installations of the network equip-
ment 1910, 1912, 1914 in the access network 1902. How-
ever, in a communication system with an access network
1902 and a core network 1904, the core network might
not itself directly provide communication service to user
equipment.
[0143] The communication system 1900 is intended
solely as an illustrative example. An access network 1902
could include more or fewer than three installations of
network equipment, for example, which might or might
not all directly communicate with each other as shown.
Also, more than one installation of network equipment in
the access network 1902 could provide communication
service to user equipment. There could be more than one
access network 1902 coupled to a core network 1904. It
should also be appreciated that the present disclosure
is not in any way limited to communication systems hav-
ing an access network / core network structure.
[0144] Considering the access network 1902, any of
various implementations are possible. The exact struc-
ture of network equipment 1910, 1912, 1914, and user
equipment 1922, 1924 for which such network equipment
provides communication service, is implementation-de-
pendent. The apparatus 1600, 1700, 1800 in Figs. 18 to
20 are examples of communication equipment that could
be implemented at user equipment 1922, 1924 or net-
work equipment 1910, 1912, 1914.
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[0145] At least the network equipment 1914 that pro-
vides communication service to the user equipment
1922, 1924 includes a physical interface and communi-
cations circuitry to support access-side communications
with the user equipment over the access links 1938,
1939. The access-side physical interface could be in the
form of an antenna or an antenna array, for example,
where the access communication links 1938, 1939 are
wireless links. In the case of wired access communication
links 1938, 1939, an access-side physical interface could
be a port or a connector to a wired communication me-
dium. Multiple access-side interfaces could be provided
at the network equipment 1914 to support multiple ac-
cess communication links 1938, 1939 of the same type
or different types, for instance. The type of communica-
tions circuitry coupled to the access-side physical inter-
face or interfaces at the access network equipment 1914
is dependent upon the type or types of access commu-
nication links 1938, 1939 and the communication proto-
col or protocols used to communicate with the user equip-
ment 1922, 1924.
[0146] The network equipment 1910, 1912, 1914 also
includes a network-side physical interface, or possibly
multiple network-side physical interfaces, and communi-
cations circuitry to enable communications with other net-
work equipment in the access network 1902. At least
some installations of network equipment 1910, 1912,
1914 also include one or more network-side physical in-
terfaces and communications circuitry to enable commu-
nications with core network equipment over the commu-
nication link 1940. There could be multiple communica-
tion links between network equipment 1910, 1912, 1914
and the core network 1904. Network-side communication
links 1932, 1934, 1936 in the access network 1902, and
the communication link 1940 to the core network 1904,
could be the same type of communication link. In this
case the same type of physical interface and the same
communications circuitry at the network equipment 1910,
1912, 1914 could support communications between ac-
cess network equipment within the access network 1902
and between the access network 1902 and the core net-
work 1904. Different physical interfaces and communi-
cations circuitry could instead be provided at the network
equipment 1910, 1912, 1914 for communications within
the access network 1902 and between the access net-
work 1902 and the core network 1904.
[0147] Network equipment in the core network 1904
could be similar in structure to the network equipment
1910, 1912, 1914. However, as noted above, network
equipment in the core network 1904 might not directly
provide communication service to user equipment and
therefore might not include access-side physical inter-
faces for access communication links or associated ac-
cess-side communications circuitry. Physical interfaces
and communications circuitry at network equipment in
the core network 1904 could support the same type or
types of network communication link or links as in the
access network 1902, different type or types of network

communication link or links, or both.
[0148] Just as the exact structure of physical interfaces
at network equipment 1910, 1912, 1914 and network
equipment in the core network 1904 is implementation-
dependent, the associated communications circuitry is
implementation-dependent as well. In general, hard-
ware, firmware, components which execute software, or
some combination thereof, might be used in implement-
ing such communications circuitry. Examples of electron-
ic devices that might be suitable for implementing com-
munications circuitry are provided above.
[0149] Each installation of user equipment 1922, 1924
includes a physical interface and communications circuit-
ry compatible with an access-side physical interface and
communications circuitry at the network equipment 1914,
to enable the user equipment to communicate with the
network equipment. Multiple physical interfaces of the
same or different types could be provided at the user
equipment 1922, 1924. The user equipment 1922, 1924
could also include such components as input/output de-
vices through which functions of the user equipment are
made available to a user. In the case of a wireless com-
munication device such as a smartphone, for example,
these functions could include not only communication
functions, but other local functions which need not involve
communications. Different types of user equipment
1922, 1924, such as different smartphones for instance,
could be serviced by the same network equipment 1914.
[0150] Any of the communication links 1932, 1934,
1936, 1938, 1939, 1940, and communication links in the
core network 1904 could potentially be or include wire-
less communication links. Such communication links
tend to be used more often within an access network
1902 than in a core network 1904, although wireless com-
munication links at the core network level are possible.
[0151] Embodiments of the present disclosure can po-
tentially provide more flexibility compared to the conven-
tional SCMA solutions by appropriate design of sparsity
patterns and sets of QAM modulators based on layer
index, spectral efficiency, and other communications pa-
rameters, such as FEC rate. Furthermore, no additional
signalling may be needed to convey information about
the sparsity pattern or the QAM modulators to the receiv-
er, because this information can be obtained by layer
index and MCS signalling.
[0152] Embodiments of the present disclosure poten-
tially provide better performance compared to the original
SCMA solution in terms of lower decoding complexity
due to requiring only tone-by-tone MAP instead of the
message passing algorithm (MPA) because there is no
redundancy across tones. The decoding complexity may
be also be reduced by reducing the total number of pos-
sible combinations (hypothesis) due to flexibility in choos-
ing the QAM modulations. For example, referring again
to Fig. 8, with 6 layers, the total number of calculations
per tone is 24 on average compared to 64 for the con-
ventional 8-point 4-projection SCMA codebook, which
means there is a complexity reduction on the order of 2.6
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times.
[0153] Embodiments of the present disclosure may
provide particularly good solutions for various application
scenarios in next generation wireless communication
networks, including massive machine type communica-
tion (mMTC), Ultra-Reliable Low-Latency Communica-
tions (URLLC), and enhanced mobile broadband (eMBB)
application scenarios.
[0154] What has been described is merely illustrative
of the application of principles of embodiments of the
present disclosure. Other arrangements and methods
can be implemented by those skilled in the art.
[0155] For example, in the above embodiments, sig-
natures have been associated with tones. These tones
may represent OFDM tones. However, in other embod-
iments, other communication resources (like time slots)
can be used instead of frequency tones. Transmitter ap-
paratus and method features could be implemented, for
example, in communication network equipment such as
base transceiver stations for downlink communications,
or in UEs for uplink communications. Similarly, receiver
features could be implemented in UEs or in network
equipment. The components illustrated in the apparatus
drawings could be implemented using hardware,
firmware, components which execute software, or some
combination thereof. Electronic devices that might be
suitable for implementing any or all of these components
include, among others, microprocessors, microcontrol-
lers, Programmable Logic Devices (PLDs), Field Pro-
grammable Gate Arrays (FPGAs), Application Specific
Integrated Circuits (ASICs), and other types of "intelli-
gent" integrated circuits.
[0156] Transmitters and receivers could perform other
operations in addition to those described herein, depend-
ing on the specific implementation and the types of com-
munication functions and protocols to be supported.
[0157] The contents of the drawings are intended sole-
ly for illustrative purposes, and the present invention is
in no way limited to the particular example embodiments
explicitly shown in the drawings and described herein.
For example, components such as stream-specific mod-
ulators need not necessarily be implemented in separate
and distinct physical components, but could instead be
implemented in a single modulator. Similarly, FEC de-
coders need not be implemented in separate physical
components.

Claims

1. A method comprising:

mapping a first stream of coded bits associated
with a first data layer to K1 binary streams
(1504);
applying a first layer-specific set of stream-spe-
cific modulators to the K1 binary streams to gen-
erate K1 independent complex-valued symbol

streams (1506); and
transmitting the K1 independent complex-val-
ued symbol streams using T1 resource elements
out of N1 resource elements, the T1 resource
elements being defined by a first layer-specific
signature of length N1, where 1 ≤ T1 < N1 (1508),
wherein mapping the first stream of coded bits
to K1 binary streams (1504) comprises: mapping
the first stream of coded bits to K1 binary streams
such that at least one coded bit is mapped to
more than one of the K1 binary streams and none
of the K1 binary streams are identical to each
other.

2. The method of claim 1, wherein at least one of the
first layer-specific signature and the first layer-spe-
cific set of stream-specific modulators is selected
based at least in part on at least one of: a layer index
associated with the first data layer; a coding rate of
the FEC encoding applied to the first stream of input
bits; and a target spectral efficiency.

3. The method of any of claims 1 to 2, wherein the T1
resource elements out of N1 resource elements com-
prise T1 tones out of N1 orthogonal frequency-divi-
sion multiplexing, OFDM, tones.

4. The method of any of claims 1 to 3, wherein the
stream-specific modulators are applied by quadra-
ture amplitude modulation, QAM, mappers.

5. The method of any of claims 1 to 4, wherein
mapping the first stream of coded bits to K1 binary
streams comprises dividing the first stream of coded
bits to K1 disjoint binary streams.

6. The method of any of claims 1 to 5, further compris-
ing:

assigning stream-specific transmit powers to the
K1 independent complex-valued symbol
streams prior to transmission; or
assigning stream-specific phase rotations to the
K1 independent complex-valued symbol
streams prior to transmission.

7. The method of any of claims 1 to 6, further compris-
ing:

mapping a second stream of coded bits associ-
ated with a second data layer to K2 binary
streams;
applying a second layer-specific set of stream-
specific modulators to the K2 binary streams to
generate K2 independent complex-valued sym-
bol streams; and
transmitting the K2 independent complex-val-
ued symbol streams using T2 resource elements
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out of N2 resource elements, the T2 resource
elements being defined by a second layer-spe-
cific signature of length N2, where 1 ≤ T2 ≤ N2,
wherein the first and second layer-specific sig-
natures differ in at least one of sparsity pattern
and sparsity level.

8. An apparatus (590) comprising:

a bit mapper (530) to map a first stream of coded
bits (520) associated with a first data layer to K1
binary streams (540);
a first layer-specific set of stream-specific mod-
ulators (550), coupled to the bit mapper, to gen-
erate K1 independent complex-valued symbol
streams (560) based on the K1 binary streams;
and
a transmitter (580), operatively coupled to the
first layer-specific set of stream-specific modu-
lators, to transmit the K1 independent complex-
valued symbol streams using T1 resource ele-
ments out of N1 resource elements, the T1 re-
source elements being defined by a first layer-
specific signature of length N1, where 1 ≤ T1 <
N1,
wherein the bit mapper (530) is configured to
map the first stream of coded bits to K1 binary
streams such that at least one coded bit is
mapped to more than one of the K1 binary
streams and none of the K1 binary streams are
identical to each other.

9. The apparatus of claim 8, further comprising a con-
troller to configure the bit mapper and the first layer-
specific set of stream-specific modulators based at
least in part on at least one of: a layer index associ-
ated with the first data layer; a coding rate of the FEC
encoding applied to the first stream of input bits; and
a target spectral efficiency.

10. The apparatus of any of claims 8 to 9, wherein
the bit mapper divides the first stream of coded bits
to K1 disjoint binary streams.

11. The apparatus of any of claims 8 to 10, further com-
prising:

a power scaler, operatively coupled between the
modulators and the transmitter, to assign
stream-specific transmit powers to the K1 inde-
pendent complex-valued symbol streams prior
to transmission; or
a phase rotator, operatively coupled between
the modulators and the transmitter, to assign
stream-specific phase rotations to the K1 inde-
pendent complex-valued symbol streams prior
to transmission.

12. The apparatus of any of claims 8 to 11, further com-
prising:

a second bit mapper to map a second stream of
coded bits associated with a second data layer
to K2 binary streams;
a second layer-specific set of stream-specific
modulators, operatively coupled to the second
bit mapper, to generate K2 independent com-
plex-valued symbol streams based on the K2
binary streams;
wherein the transmitter is operatively coupled to
the second layer-specific set of stream-specific
modulators and transmits the K2 independent
complex-valued symbol streams using T2 re-
source elements out of N2 resource elements,
the T2 resource elements being defined by a
second layer-specific signature of length N2,
where 1 ≤ T2 ≤ N2 and the first and second layer-
specific signatures differ in at least one of spar-
sity pattern and sparsity level.

13. The apparatus of claim 12, wherein the first and sec-
ond layer-specific sets of stream-specific modulators
differ in at least one of a sequence of the stream-
specific modulators in each set and a proportion of
different stream-specific modulators in each set.

14. The apparatus of claim 12, further comprising:

a first power scaler, operatively coupled be-
tween the first layer-specific set of stream-spe-
cific modulators and the transmitter, to assign a
first layer-specific vector of stream-specific
transmit powers to the K1 independent complex-
valued symbol streams prior to transmission;
and
a second power scaler, operatively coupled be-
tween the second layer-specific set of stream-
specific modulators and the transmitter, to as-
sign a second layer-specific vector of stream-
specific transmit powers to the K2 independent
complex-valued symbol streams prior to trans-
mission.

15. The apparatus of claim 12, further comprising:

a first phase rotator, operatively coupled be-
tween the first layer-specific set of stream-spe-
cific modulators and the transmitter, to assign a
first layer-specific vector of stream-specific
phase rotations to the K1 independent complex-
valued symbol streams prior to transmission;
and
a second phase rotator, operatively coupled be-
tween the second layer-specific set of stream-
specific modulators and the transmitter, to as-
sign a second layer-specific vector of stream-
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specific phase rotations to the K1 independent
complex-valued symbol streams prior to trans-
mission.

Patentansprüche

1. Verfahren, das Folgendes umfasst:

Abbilden eines ersten Stroms codierter Bits, der
einer ersten Datenschicht zugeordnet ist, auf K1
Binärströme (1504);
Anwenden einer ersten schichtspezifischen
Menge stromspezifischer Modulatoren auf die
K1 Binärströme, um K1 unabhängige komplex-
wertige Symbolströme zu erzeugen (1506); und
Senden der K1 unabhängigen komplexwertigen
Symbolströme unter Verwendung von T1 Be-
triebsmittelelementen aus N1 Betriebsmittelele-
menten, wobei die T1 Betriebsmittelelemente
durch eine erste schichtspezifische Signatur der
Länge N1 definiert sind, mit 1 ≤ T1 < N1 (1508),
wobei das Abbilden des ersten Stroms codierter
Bits auf K1 Binärströme (1504) Folgendes um-
fasst: Abbilden des ersten Stroms codierter Bits
auf K1 Binärströme, so dass wenigstens ein co-
diertes Bit auf mehr als einen der K1 Binärströme
abgebildet wird, und keine der K1 Binärströme
einander gleich sind.

2. Verfahren nach Anspruch 1, wobei wenigstens eines
aus der ersten schichtspezifischen Signatur und der
ersten schichtspezifischen Menge stromspezifi-
scher Modulatoren basierend wenigstens teilweise
auf wenigstens einem aus dem Folgenden ausge-
wählt wird: einem Schichtindex, der der ersten Da-
tenschicht zugeordnet ist; einer Codierungsrate der
FEC-Codierung, die auf den ersten Strom von Ein-
gabebits angewandt wird; und einer spektralen
Zieleffizienz.

3. Verfahren nach einem der Ansprüche 1 bis 2, wobei
die T1 Betriebsmittelelemente aus N1 Betriebsmit-
telelementen T1 Töne aus N1 Tönen für orthogona-
les Frequenzmultiplexen, OFDM-Tönen, umfassen.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
die stromspezifischen Modulatoren durch Abbil-
dungseinheiten für Quadratamplitudenmodulation,
QAM-Abbildungseinheiten, angewandt werden.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei
das Abbilden des ersten Stroms codierter Bits auf
K1 Binärströme das Aufteilen des ersten Stroms co-
dierter Bits auf K1 disjunkte Binärströme umfasst.

6. Verfahren nach einem der Ansprüche 1 bis 5, das
ferner Folgendes umfasst:

Zuweisen stromspezifischer Sendeleistungen
zu den K1 unabhängigen komplexwertigen
Symbolströmen vor dem Senden; oder
Zuweisen stromspezifischer Phasendrehungen
zu den K1 unabhängigen komplexwertigen
Symbolströmen vor dem Senden.

7. Verfahren nach einem der Ansprüche 1 bis 6, das
ferner Folgendes umfasst:

Abbilden eines zweiten Stroms codierter Bits,
der einer zweiten Datenschicht zugeordnet ist,
auf K2 Binärströme;
Anwenden einer zweiten schichtspezifischen
Menge stromspezifischer Modulatoren auf die
K2 Binärströme, um K2 unabhängige komplex-
wertige Symbolströme zu erzeugen; und
Senden der K2 unabhängigen komplexwertigen
Symbolströme unter Verwendung von T2 Be-
triebsmittelelementen aus N2 Betriebsmittelele-
menten, wobei die T2 Betriebsmittelelemente
durch eine zweite schichtspezifische Signatur
der Länge N2 definiert sind, mit 1 ≤ T2 ≤ N2,
wobei sich die erste und die zweite schichtspe-
zifische Signatur in einer Besetzungsstruktur
und/oder einem Besetzungsgrad unterschei-
den.

8. Vorrichtung (590), die Folgendes umfasst:

eine Bitabbildungseinheit (530) zum Abbilden
eines ersten Stroms codierter Bits (520), der ei-
ner ersten Datenschicht zugeordnet ist, auf K1
Binärströme (540);
eine erste schichtspezifische Menge stromspe-
zifischer Modulatoren (550), die mit der Bitab-
bildungseinheit gekoppelt sind, zum Erzeugen
von K1 unabhängigen komplexwertigen Sym-
bolströmen (560) basierend auf den K1 Binär-
strömen; und
einen Sender (580), der betriebstechnisch mit
der ersten schichtspezifischen Menge strom-
spezifischer Modulatoren gekoppelt ist, zum
Senden der K1 unabhängigen komplexwertigen
Symbolströme unter Verwendung von T1 Be-
triebsmittelelementen aus N1 Betriebsmittelele-
menten, wobei die T1 Betriebsmittelelemente
durch eine erste schichtspezifische Signatur der
Länge N1 definiert sind, mit 1 ≤ T1 < N1,
wobei die Bitabbildungseinheit (530) konfigu-
riert ist zum Abbilden des ersten Stroms codier-
ter Bits auf K1 Binärströme, so dass wenigstens
ein codiertes Bit auf mehr als einen der K1 Bi-
närströme abgebildet wird und keine der K1 Bi-
närströme einander gleich sind.

9. Vorrichtung nach Anspruch 8, die ferner eine Steu-
ereinheit zum Konfigurieren der Bitabbildungsein-
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heit und der ersten schichtspezifischen Menge
stromspezifischer Modulatoren basierend wenigs-
tens teilweise auf wenigstens einem aus dem Fol-
genden umfasst: einem Schichtindex, der der ersten
Datenschicht zugeordnet ist; einer Codierungsrate
der FEC-Codierung, die auf den ersten Strom von
Eingabebits angewandt wird; und einer spektralen
Zieleffizienz.

10. Vorrichtung nach einem der Ansprüche 8 bis 9, wo-
bei
die Bitabbildungseinheit den ersten Strom codierter
Bits in K1 disjunkte Binärströme aufteilt.

11. Vorrichtung nach einem der Ansprüche 8 bis 10, die
ferner Folgendes umfasst:

eine Leistungsskalierungseinheit, die betriebs-
technisch zwischen die Modulatoren und den
Sender gekoppelt ist, zum Zuweisen stromspe-
zifischer Sendeleistungen zu den K1 unabhän-
gigen komplexwertigen Symbolströmen vor
dem Senden; oder
eine Phasendrehungseinheit, die betriebstech-
nisch zwischen die Modulatoren und den Sen-
der gekoppelt ist, zum Zuweisen stromspezifi-
scher Phasendrehungen zu den K1 unabhängi-
gen komplexwertigen Symbolströmen vor dem
Senden.

12. Vorrichtung nach einem der Ansprüche 8 bis 11, die
ferner Folgendes umfasst:

eine zweite Bitabbildungseinheit zum Abbilden
eines zweiten Stroms codierter Bits, der einer
zweiten Datenschicht zugeordnet ist, auf K2 Bi-
närströme;
eine zweite schichtspezifische Menge strom-
spezifischer Modulatoren, die betriebstechnisch
mit der zweiten Bitabbildungseinheit gekoppelt
sind, zum Erzeugen von K2 unabhängigen kom-
plexwertigen Symbolströmen basierend auf den
K2 Binärströmen;
wobei der Sender mit der zweiten schichtspezi-
fischen Menge stromspezifischer Modulatoren
betriebstechnisch gekoppelt ist und die K2 un-
abhängigen komplexwertigen Symbolströme
unter Verwendung von T2 Betriebsmittelele-
menten aus N2 Betriebsmittelelementen sen-
det, wobei die T2 Betriebsmittelelemente durch
eine zweite schichtspezifische Signatur der Län-
ge N2 definiert sind, mit 1 ≤ T2 ≤ N2, und sich
die erste und die zweite schichtspezifische Sig-
natur in einer Besetzungsstruktur und/oder ei-
nem Besetzungsgrad unterscheiden.

13. Vorrichtung nach Anspruch 12, wobei sich die erste
und zweite schichtspezifische Menge stromspezifi-

scher Modulatoren in einer Sequenz der stromspe-
zifischen Modulatoren in jeder Menge und/oder ei-
nem Anteil unterschiedlicher stromspezifischer Mo-
dulatoren in jeder Menge unterscheiden.

14. Vorrichtung nach Anspruch 12, die ferner Folgendes
umfasst:
eine erste Leistungsskaliereinheit, die betriebstech-
nisch zwischen der ersten schichtspezifischen Men-
ge stromspezifischer Modulatoren und dem Sender
gekoppelt ist, um einen ersten schichtspezifischen
Vektor stromspezifischer Sendeleistungen den K1
unabhängigen komplexwertigen Symbolströmen
vor dem Senden zuzuweisen; und eine zweite Leis-
tungsskaliereinheit, die betriebstechnisch zwischen
der zweiten schichtspezifischen Menge stromspezi-
fischer Modulatoren und dem Sender gekoppelt ist,
um einen zweiten schichtspezifischen Vektor strom-
spezifischer Sendeleistungen den K2 unabhängigen
komplexwertigen Symbolströmen vor dem Senden
zuzuweisen.

15. Vorrichtung nach Anspruch 12, die ferner Folgendes
umfasst:

eine erste Phasendrehungseinheit, die be-
triebstechnisch zwischen der ersten schichtspe-
zifischen Menge stromspezifischer Modulato-
ren und dem Sender gekoppelt ist, um einen ers-
ten schichtspezifischen Vektor stromspezifi-
scher Phasendrehungen den K1 unabhängigen
komplexwertigen Symbolströmen vor dem Sen-
den zuzuweisen; und
eine zweite Phasendrehungseinheit, die be-
triebstechnisch zwischen der zweiten
schichtspezifischen Menge stromspezifischer
Modulatoren und dem Sender gekoppelt ist, um
einen zweiten schichtspezifischen Vektor
stromspezifischer Phasendrehungen den K1
unabhängigen komplexwertigen Symbolströ-
men vor dem Senden zuzuweisen.

Revendications

1. Procédé comprenant :

le mappage d’un premier train de bits codés as-
socié à une première couche de données sur
K1 trains binaires (1504) ;
l’application d’un premier ensemble spécifique
à la couche de modulateurs spécifiques au train
aux K1 trains binaires pour générer K1 trains de
symboles de valeurs complexes indépendants
(1506) ; et
la transmission des K1 trains de symboles de
valeurs complexes indépendants en utilisant T1
éléments de ressources parmi N1 éléments de
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ressources, les T1 éléments de ressource étant
définis par une première signature spécifique à
la couche de longueur N1, où 1 ≤ T1 < N1 (1508),
dans lequel le mappage du premier train de bits
codés sur K1 trains binaires (1504) comprend :
le mappage du premier train de bits codés sur
K1 trains binaires de telle sorte qu’au moins un
bit codé soit mappé sur plus d’un des K1 trains
binaires et qu’aucun des K1 trains binaires ne
soit identique aux autres.

2. Procédé selon la revendication 1, dans lequel au
moins un de la première signature spécifique à la
couche et du premier ensemble spécifique à la cou-
che de modulateurs spécifiques au train est sélec-
tionné sur la base au moins en partie d’au moins un :
d’un indice de couche associé à la première couche
de données ; d’un taux de codage du codage FEC
appliqué au premier train de bits d’entrée ; et d’une
efficacité spectrale cible.

3. Procédé selon l’une quelconque des revendications
1 et 2, dans lequel les T1 éléments de ressource
parmi les N1 éléments de ressource comprennent
T1 tonalités parmi N1 tonalités de multiplexage par
répartition orthogonale de la fréquence, OFDM.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel les modulateurs spécifiques au
train sont appliqués par des mappeurs de modula-
tion d’amplitude en quadrature, QAM

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel le mappage du premier train de
bits codés sur K1 trains binaires comprend la division
du premier train de bits codés en K1 trains binaires
disjoints.

6. Procédé selon l’une quelconque des revendications
1 à 5, comprenant en outre :

l’assignation de puissances d’émission spécifi-
ques au train aux K1 trains de symboles de va-
leurs complexes indépendants avant la
transmission ; ou
l’assignation de rotations de phase spécifiques
au train aux K1 trains de symboles de valeurs
complexes indépendants avant la transmission.

7. Procédé selon l’une quelconque des revendications
1 à 6, comprenant en outre :

le mappage d’un second train de bits codés as-
socié à une seconde couche de données sur K2
trains binaires ;
l’application d’un second ensemble spécifique
à la couche de modulateurs spécifiques au train
aux K2 trains binaires pour générer K2 trains de

symboles de valeurs complexes indépendants ;
et
la transmission des K2 trains de symboles de
valeurs complexes indépendants en utilisant T2
éléments de ressources parmi N2 éléments de
ressources, les T2 éléments de ressources étant
définis par une seconde signature spécifique à
la couche de longueur N2, où 1 ≤ T2 ≤ N2,
dans lequel les première et seconde signatures
spécifiques à la couche diffèrent par au moins
un d’un motif de dispersion et d’un niveau de
dispersion.

8. Appareil (590) comprenant :

un mappeur de bits (530) pour mapper un pre-
mier train de bits codés (520) associé à une pre-
mière couche de données sur K1 trains binaires
(540) ;
un premier ensemble spécifique à la couche de
modulateurs spécifiques au train (550), couplé
au mappeur de bits, pour générer K1 trains de
symboles de valeurs complexes indépendants
(560) sur la base des K1 trains binaires ; et
un émetteur (580), couplé fonctionnellement au
premier ensemble spécifique à la couche de mo-
dulateurs spécifiques au train, pour transmettre
les K1 trains de symboles de valeurs complexes
indépendants en utilisant T1 éléments de res-
sources parmi N1 éléments de ressources, les
T1 éléments de ressources étant définis par une
première signature spécifique à la couche de
longueur N1, où 1 ≤ T1 < N1,
dans lequel le mappeur de bits (530) est confi-
guré pour mapper le premier train de bits codés
sur K1 trains binaires de telle sorte qu’au moins
un bit codé soit mappé sur plus d’un des K1 trains
binaires et qu’aucun des K1 trains binaires ne
soit identique aux autres.

9. Appareil selon la revendication 8, comprenant en
outre un contrôleur pour configurer le mappeur de
bits et le premier ensemble spécifique à la couche
de modulateurs spécifiques au train sur la base au
moins en partie d’au moins un : d’un indice de cou-
che associé à la première couche de données ; d’un
taux de codage du codage FEC appliqué au premier
train de bits d’entrée ; et d’une efficacité spectrale
cible.

10. Appareil selon l’une quelconque des revendications
8 et 9, dans lequel le mappeur de bits divise le train
de bits codés en K1 trains binaires disjoints.

11. Appareil selon l’une quelconque des revendications
8 à 10, comprenant en outre :

un échelonneur de puissance, couplé fonction-
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nellement entre les modulateurs et l’émetteur,
pour assigner des puissances d’émission spé-
cifiques au train aux K1 trains de symboles de
valeurs complexes indépendants avant la
transmission ; ou
un rotateur de phase, couplé fonctionnellement
entre les modulateurs et l’émetteur, pour assi-
gner des rotations de phase spécifiques au train
aux K1 trains de symboles de valeurs complexes
indépendants avant la transmission.

12. Appareil selon l’une quelconque des revendications
8 à 11, comprenant en outre :

un second mappeur de bits pour mapper un se-
cond train de bits codés associé à une seconde
couche de données sur K2 trains binaires ;
un second ensemble spécifique à la couche de
modulateurs spécifiques au train, couplé fonc-
tionnellement au second mappeur de bits, pour
générer K2 trains de symboles de valeurs com-
plexes indépendants sur la base des K2 trains
binaires ;
dans lequel l’émetteur est couplé fonctionnelle-
ment au second ensemble spécifique à la cou-
che de modulateurs spécifiques au train et trans-
met les K2 trains de symboles de valeurs com-
plexes indépendants en utilisant T2 éléments de
ressources parmi N2 éléments de ressources,
les T2 éléments de ressources étant définis par
une seconde signature spécifique à la couche
de longueur N2, où 1 ≤ T2 ≤ N2, et les première
et seconde signatures spécifiques à la couche
diffèrent par au moins un d’un motif de disper-
sion et d’un niveau de dispersion.

13. Appareil selon la revendication 12, dans lequel les
premier et second ensembles spécifiques à la cou-
che de modulateurs spécifiques au train diffèrent par
au moins une d’une séquence de modulateurs spé-
cifiques au train dans chaque ensemble et d’une pro-
portion de différents modulateurs spécifiques au
train dans chaque ensemble.

14. Appareil selon la revendication 12, comprenant en
outre :

un premier échelonneur de puissance, couplé
fonctionnellement entre le premier ensemble
spécifique à la couche de modulateurs spécifi-
ques au train et l’émetteur, pour assigner un pre-
mier vecteur spécifique à la couche de puissan-
ces d’émission spécifiques au train aux K1 trains
de symboles de valeurs complexes indépen-
dants avant la transmission ; et
un second échelonneur de puissance, couplé
fonctionnellement entre le second ensemble
spécifique à la couche de modulateurs spécifi-

ques au train et l’émetteur, pour assigner un se-
cond vecteur spécifique à la couche de puissan-
ces d’émission spécifiques au train aux K2 trains
de symboles de valeurs complexes indépen-
dants avant la transmission.

15. Appareil selon la revendication 12, comprenant en
outre :

un premier rotateur de phase, couplé fonction-
nellement entre le premier ensemble spécifique
à la couche de modulateurs spécifiques au train
et l’émetteur, pour assigner un premier vecteur
spécifique à la couche de rotations de phase
spécifiques au train aux K1 trains de symboles
de valeurs complexes indépendants avant la
transmission ; et
un second rotateur de phase, couplé fonction-
nellement entre le second ensemble spécifique
à la couche de modulateurs spécifiques au train
et l’émetteur, pour assigner un second vecteur
spécifique à la couche de rotations de phase
spécifiques au train aux K1 trains de symboles
de valeurs complexes indépendants avant la
transmission.
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