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Apparatus and Method for Transmitting a Multicarrier Signal

Embodiments of the present invention generally relate to communication systems and,
more specifically, to methods and apparatuses for transmitting a non-orthogonal multi-

carrier signal, i.e., a non-orthogonal signal comprising a plurality of subcarriers.

Background

Wireless communication networks are steadily growing with an increasing number of
systems for mobile communication being deployed. Today, wireless mobile communica-
tion networks based on various underlying Radio Access Technologies (RATSs) are avail-
able. Second generation (2G) mobile communication systems, such as e.g. GSM/EDGE
(Global System for Mobile Communications/Enhanced Data Rates for GSM Evolution),
are based on a combined TDMA/FDMA (Time Division Multiple Access/Frequency
Division Multiple Access) scheme. Third Generation (3G) mobile communication sys-
tems, such as UMTS (Universal Mobile Telecommunications System) or CDMA2000
(IS-2000), are based on code division multiple access (CDMA) technology. Newer mo-
bile communication technologies, such as e.g. WiMAX (Worldwide Interoperability for
Microwave Access) or 3GPP (3rd Generation Partnership Project) Long Term Evolution
(LTE), which may also be referred to as 4™ Generation (4G) mobile communication sys-
tems, are based on Orthogonal Frequency Division Multiplexing (OFDM) technologies.
LTE, e. g., uses OFDMA in the downlink and single carrier frequency division multiple
access (SC-FDMA) in the uplink.

OFDM is a frequency-division multiplexing (FDM) technique used as a digital multi-
carrier modulation method. A large number of closely-spaced orthogonal subcarriers are
used to carry data. Multiple-access schemes are said to be orthogonal when an ideal re-
ceiver may completely reject arbitrarily strong unwanted signals using different basis
functions than the desired signal. Conventionally, all multiple-access schemes have been

designed based on orthogonal user-specific basis functions. In TDMA, for example, the
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orthogonal basis functions are non-overlapping pulses corresponding to time slots. In
OFDM, a set of frequency multiplexed signals with the exact minimum frequency spac-
ing needed to make them orthogonal is used so that they do not interfere with each other.
The time-bandwidth product of a signal pulse (excluding cyclic prefix) is 1 in OFDM.
The data is divided into several parallel data streams or channels, one for each subcarrier.
Each subcarrier may be modulated with a conventional modulation scheme (e.g. QAM =
Quadrature Amplitude Modulation or PSK = Phase-Shift Keying) at a relatively low
symbol rate, maintaining total data rates similar to former generation single-carrier mod-

ulation schemes in the same bandwidth.

To account for Inter-Symbol Interference (ISI), which may be caused by a frequency-
selective communications channel, OFDM systems rely on the transmission of a so-
called cyclic prefixed signal over such a communications channel. Thereby a cyclic re-
dundancy of a length v corresponding to a number of Cyclic Prefix (CP) symbols is
added to the signal to be transmitted as a prefix in such a way that x;(-i) = xx(N-i) for i =
1, 2, ..., v, wherein x4 = [x4(1) x(2) ... xN)]" denotes the IFFT of the k-th message
symbol d; = [di(1) di(2) ... d(N)]" of an N subcarrier OFDM system. As a repetition of
the end of the symbol, it allows the linear convolution of a frequency-selective multipath
channel to be modeled as circular convolution, which in turn may be transformed to the
frequency domain using a discrete Fourier transform. This approach allows for simple
frequency-domain processing, such as channel estimation and equalization. In order for
the cyclic prefix to be effective (i.e. to serve its aforementioned objectives), the length of

the cyclic prefix must be at least equal to the length of the multipath channel.

One disadvantage of Cyclic-Prefix Orthogonal Frequency Division Multiplexing (CP-
OFDM) is a loss in spectral efficiency due to cyclic prefix insertion and the required

guard bands into order to fulfil spectral mask requirements.

For future beyond 4G or 5™ Generation (5G) mobile communication systems, it will be
necessary that an employed modulation scheme very well supports Coordinated Multi-
Point (CoMP) transmission, thus network multiple input multiple output (MIMO), which
will be integrated into the system from scratch. CoMP is a technology which sends and

receives signals from multiple sectors or cells (sites) to a given mobile terminal (UE). By
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coordinating transmission among multiple cells, interference from other cells can be re-
duced and the received power of the desired signal can be increased. For CoMP, CP-
OFDM shows limited performance by the fact that either the CP overhead has to be in-
creased (in order to support the delay differences of incoming signals of different sites)
or a certain Inter-Symbol Interference (ISI) has to be tolerated. Both options result in a

loss of spectral efficiency.

Furthermore, advanced techniques, like CoMP, may create a loss of orthogonality for
OFDM based systems. With this loss of orthogonality advanced receiver techniques are

required, resulting in a complexity increase.

Summary

Embodiments may be based on the finding that, in upcoming communication systems,
advanced and more powerful receiver structures may also support non-orthogonal trans-
mit sighal formats. With such non-orthogonal transmit signals, a denser time-frequency

packing may be created, which cannot be achieved by existing OFDM systems.

Embodiments of the present invention provide a transmitter apparatus for transmitting a
multicarrier signal associated to at least one user of a communication system, wherein the
transmitter apparatus comprises a signal generator for generating the multicarrier signal,
wherein the signal generator is adapted to assign and/or generate a plurality of overlap-
ping (downlink or uplink) radio resources to the at least one user, wherein the plurality of
radio resources overlap in time and/or frequency, such that the plurality of overlapping
radio resources assigned to the user suffer from self-interference. In other words, embo-
diments provide a transmitter for generating a non-orthogonal multicarrier signal which
is based on user-specific and potentially also time-/frequency-specific non-orthogonal
basis functions in time and/or frequency. That means that a first time or frequency com-
ponent of the generated multicarrier signal interferes with a second time or frequency
component of the multicarrier signal. The overlapping radio resources may hence be
overlapping time pulses and/or overlapping frequency bands corresponding to non-
orthogonal subcarriers used to transmit signal waveforms from the transmitter apparatus

to the at least one user.
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The overlapping radio resources may be signal pulses corresponding to data symbols,
wherein a signal pulse extends in both time and frequency direction. The extension in
time direction corresponds to a symbol interval or spacing, the extension in frequency
direction corresponds to a bandwidth of a subcarrier of the multicarrier signal. The sym-
bol spacing A7 in time direction may be chosen such that two adjacent symbol intervals
overlap in time. This may be the case when A7s < T, wherein T denotes the symbol
duration. Alternatively or additionally, the spacing Afs of two adjacent subcarriers may
be chosen such that the passbands of the adjacent subcarriers overlap. This may be the
case when Afs < Bs, wherein Bg denotes the bandwidth of a subcarrier of the multicarrier
signal. The time-bandwidth product of the radio resources is, hence, allowed to be lower

than 1, according to embodiments.

The communication system in which the transmitter apparatus may be employed may be
a future beyond-4G (e.g. 5G) wireless communication system, possibly incorporating
Coordinated Multi-Point (CoMP) techniques. According to some embodiments, one
could look at such a communication system as a Non-Orthogonal Frequency Division
Multiplexing based system. The transmitter apparatus may, for example, be implemented
in a base transceiver station or in a mobile terminal. The resulting non-orthogonal multi-
carrier signal may then be regarded as a downlink or an uplink signal, respectively. In
embodiments where the transmitter apparatus is implemented in a base transceiver sta-
tion, the transmitter apparatus may be implemented in a central unit and/or a remote unit

(e.g. a Remote Radio Head, RRH) thereof.

The signal generator may comprise digital baseband processing circuitry for generating
and processing the overlapping and, hence, self-interfering signal waveforms of the non-
orthogonal multicarrier signal. The signal processing may comprise digital baseband sig-
nal processing in the frequency domain and/or digital baseband signal processing in the
time domain. Thereby, frequency domain signals may be transformed into time domain
signals by inverse Fourier transformation algorithms. Correspondingly, time domain sig-
nals may be transformed into frequency domain signals by Fourier transformation algo-

rithms. For example, Fast Fourier Transform (FFT) and Inverse Fast Fourier Transform
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(IFFT) algorithms may be used in the signal generator and/or receiving counterparts in a

receiver for the non-orthogonal multicarrier signal.

In order to be able to handle or limit receiver complexity, embodiments of the signal ge-
nerator may be adapted to assign a plurality of non-overlapping radio resource blocks to
the one or more users, wherein a radio resource block comprises a plurality of overlap-
ping radio resources, wherein adjacent non-overlapping radio resource blocks do not
overlap in time and/or frequency, and wherein adjacent overlapping radio resources of a
resource block do overlap in time and/or frequency. That is to say, while individual radio
resources (e.g. signal pulses corresponding to data symbols) within a given radio re-
source block may overlap each other in time and/or frequency direction/domain, adjacent
radio resource blocks comprising overlapping radio resources or transmit signal wave-
forms, respectively, are well separated from each other in time and/or frequency direc-
tion/domain. Such a so-called Block-Overlapping MultiCarrier (BO-MC) signal may
force receiver algorithms, which are corresponding to the transmitted non-orthogonal
multicarrier signal, into well-defined states at the beginning and/or the end of a received
radio resource block. Such receiver algorithms may, for example, be based on trellis de-
coding techniques, such as Maximum Likelihood Sequence Estimation (MLSE) or sym-
bol-by-symbol Maximum A Posteriori probability (MAP) detection. Another possible
advanced receiver technique which is suited to this particular signal structure is the usage
of compressive sensing. Compressive sensing uses the fact that the BO-MC receive sig-
nal for the user of interest is sparse when it is represented by a superposition of particular
basis functions, in this case: The time-frequency shifted pulses. The sparsity comes from
the fact that the BO-MC signal is only block-wise overlapping in time and frequency.
Furthermore, this sparsity may be exploited to reduce the complexity of successive inter-

ference cancellation (SIC) receivers.

Embodiments of the signal generator may be adapted to use an inter-block time spacing
ATimer and an inter-block frequency spacing Afju., to separate adjacent non-overlapping
radio resource blocks from each other. Thereby, the inter-block parameters AT}, and
Afiner may both refer to the distance between the time/frequency centers of adjacent non-
overlapping radio resource blocks. The inter-block parameters A7)y, and Afi.r may be

adapted to a coherence time and/or a coherence bandwidth of a communications channel
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the multicarrier signal is traveling through. Coherence time is the time duration over
which the communications channel’s impulse response is considered to be substantially
not varying. This is to say, the coherence time is a statistical measure of the time duration
over which the channel impulse response is essentially invariant. In other words, cohe-
rence time is the time duration over which the propagation channels of any two received
signals (at different times) have a strong correlation. In the frequency domain, the cohe-
rence bandwidth is a statistical measure of the range of frequencies over which the chan-
nel can be considered "flat", i.e., having approximately equal gain and linear phase. In
other words, coherence bandwidth is the range of frequencies over which any two fre-
quency components (e.g. two sinusoidal time signals with different periodicity) have a
strong correlation. For example, the inter-block parameters AT}, and Afiy., may be cho-
sen such that a bandwidth corresponding to a non-overlapping radio resource block com-
prising a plurality of overlapping radio resources (e.g. signal pulses with overlapping
time and/or frequency components) is smaller than the coherence bandwidth of the com-
munication channel and/or that multipath gains of the communication channel do essen-
tially not change during the duration of a radio resource block. The frequency or subcar-
rier spacing 4f;. between adjacent radio resource blocks as well as the intra-block spac-
ing of adjacent radio resources with a block may be chosen to be larger than the maxi-

mum Doppler spread of the communication channel.

Looking inside a contiguous radio resource block, the signal generator may be adapted to
assign or generate the plurality of overlapping radio resources of said resource block
such that a time spacing of adjacent signal pulses within the radio resource block is
AT e, and/or such a frequency spacing of adjacent signal pulses within the radio re-
source block is Afiuuge, Wherein AT, may preferably be smaller than the Nyquist sample
duration ATnyquise and/or AT ue™® Afinra < 1. Thereby, the intra-block parameters AT,
and Afiur. may both refer to the distance of the time/frequency centers of the adjacent
radio resources (signal pulses). The Nyquist sample duration A7 yyqus is the reciprocal to
the Nyquist rate, which is commonly denoted as the minimum sampling rate required to
avoid aliasing, equal to twice the highest frequency contained within the signal to be

processed.



WO 2013/045134 PCT/EP2012/064943

10

15

20

25

30

7

In some embodiments the signal generator may be adapted to pulse-shape individual sig-
nal pulses g,,(f) corresponding to the plurality of overlapping radio resources of a radio
resource block individually. Thereby, g,.,(f) denotes the n-th signal pulse in time direc-
tion and the m-th signal pulse in frequency direction of a radio resource block, wherein 7
=1,2,...,Nandm= 1,2, ..., M. This individual pulse shaping may help, for example, to
suppress cross-talk between neighbouring non-overlapping radio resource blocks (e.g. by
block-individual band-pass parameters). This pulse shaping can e.g. be done by filtering
(e.g. two-stage filtering, first per subcarrier, second per block). The per-subcarrier filter-
ing stage could be realized via a poly-phase network, as it is done with filterbank based
multi-carrier (FBMC). The per-block filtering could be performed by a digital filter
adapted to the frequency width and position of the block.

In some embodiments the signal generator may be adapted to assign the plurality of over-
lapping radio resources such that the intra-block time spacing AT}, of adjacent overlap-
ping signal pulses within a non-overlapping radio resource block corresponds to the Ny-
quist sample duration ATy and such that the intra-block frequency or subcarrier
spacing Afiu, of adjacent signal pulses within a radio resource block is Afiua =
1/(2* ATwyquis). At the same time, the inter-block time spacing AT}, of adjacent non-
overlapping radio resource blocks may correspond to an integer multiple of A7; Nyguists and
the inter-block frequency spacing Afi.., of adjacent non-overlapping radio resource
blocks may correspond to an integer multiple of Af;uq. Such a non-orthogonal multicar-
rier signal may, for example, be synthesized by superimposing two conventional OFDM
signals (each with subcarrier spacing corresponding to 1/ATnyquis) With a relative fre-
quency offset of 1/(2* ATwyg.i0) between the two. For this OFDM special case, in order to
have less complex receivers, it still might be beneficial to keep the cyclic prefix for cer-
tain setups. Note that half the subcarrier-spacing (with overlapping subcarriers) may lead
to nearly the double amount of transported data symbols compared to a conventional

OFDM system.

In general, the signal generator may be adapted to generate the multicarrier signal by
superimposing a plurality of X OFDM signals, each having a frequency spacing Afs of
orthogonal subcarriers according to Afs = 1/ATs, wherein A7 denotes the OFDM symbol

spacing in time direction. ATs may be equal to or larger than the Nyquist sample duration
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ATnyquise of an OFDM signal transmitted over a bandwidth-limited communications chan-
nel. The frequency spacing Afju, of adjacent non-orthogonal subcarriers of the compo-
site non-orthogonal multicarrier signal is Afju,. = 1/(k* ATs), wherein & is an integer equal
to or larger than 2. In case of BO-MC the inter-block time spacing AT, of adjacent
non-overlapping radio resource blocks may correspond to an integer multiple of AT, and
the inter-block frequency spacing Afi, of adjacent non-overlapping radio resource

blocks may correspond to an integer multiple of Af;..

An option could also be to switch off one of the k (e.g. k = 2) generating OFDM building
blocks, resulting in standard/conventional OFDM (for k = 2). This could e.g. be done
depending on a channel quality or a Signal-to-Noise Ratio (SNR). For example, in high
SNR operation regimes, two or more OFDM building blocks may be turned on, while in
low SNR operation regimes only one conventional OFDM building block may be active.
According to embodiments, the signal generator may therefore be adapted to switch at
least one of the plurality of ¥ OFDM signals on and/or off dependent on a quality of the

communications channel.

According to some embodiments the signal generator may be adapted to additionally
vary the intra-block parameters AT 4, Afinira, and/or g,,,(t) over frequency and/or time,
while using constant values for the inter-block parameters A7}y, and Afiy.,. By varying
ATintras Nfinra, and/or g,,(f) over frequency and time, a BO-MC signal generator can
flexibly adapt to various channel conditions and usage types. For example, for low-
mobility CoMP users it might be attractive to use a small Afj,, in conjunction with a
large AT}pra, as in CoMP the overall delay spread due to larger distances between mobile
and serving/supporting cells is typically larger than the distance for non-CoMP between
mobile and serving cell. In this case, these signal parameters allow for less complex re-
ceivers. One simple realization of this flexibility would be to switch the intra-block pa-

rameters between various sets of intra-block parameters over time.

Further embodiments of the present invention may also comprise a receiver apparatus
adapted to mitigate the self-interference of the non-orthogonal multicarrier signal gener-

ated with a transmitter apparatus according to embodiments.
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Yet a further embodiment provides a method for transmitting a multicarrier signal asso-
ciated to at least one user of a communication system, the method comprising a step of
generating the multicarrier signal by assigning a plurality of overlapping radio resources
to the at least one user, wherein the plurality of radio resources overlap in time and/or
frequency, such that the plurality of overlapping radio resources assigned to the at least

one user suffer from self-interference.

Some embodiments comprise a digital control circuit installed within the transmitter or
receiver apparatus for the non-orthogonal multicarrier signal. Such a digital control cir-
cuit, e.g. a digital signal processor (DSP), needs to be programmed accordingly. Hence,
yet further embodiments also provide a computer program having a program code for
performing embodiments of the method, when the computer program is executed on a

computer or a digital processor.

One benefit of embodiments of the present invention is the provision of a novel non-
orthogonal physical layer modulation scheme, superior to presently used OFDM in terms
of spectral efficiency and tailored to the needs of potential 5G mobile communications.
Embodiments of the present invention have the potential to achieve higher spectral effi-
ciencies compared to CP-OFDM and to provide more flexibility and adaptability as the
signal structure of the non-orthogonal multicarrier signal may be flexibly adapted on a
per-user basis. Also, the intra- and/or inter-block parameters of the non-orthogonal mul-
ticarrier may be especially tailored in order to benefit from certain signal constellations

allowing simplified receiver signal processing algorithms.

Brief description of the Figures

Some embodiments of apparatuses and/or methods will be described in the following by

way of example only, and with reference to the accompanying figures, in which

Fig. 1 shows a block diagram of a transmitter apparatus according to an embo-

diment;
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Fig. 2a shows a schematic time-frequency depiction of a first embodiment of a

generated non-orthogonal multicarrier signal;

Fig. 2a shows a schematic time-frequency depiction of a second embodiment of a

generated non-orthogonal multicarrier signal;

Fig. 3a illustrates a notation for one 3 x 3 BO-MC radio resource block of 3 x 3 =

9 overlapping base functions;

Fig. 3b illustrates a notation for one 1 x 9 BO-MC radio resource block of 1 x 9 =

9 overlapping base functions; and

Fig. 4 shows a schematic flow chart of a method according to an embodiment.

Description of Embodiments

Various example embodiments will now be described more fully with reference to the

accompanying drawings in which some example embodiments are illustrated.

Accordingly, while example embodiments are capable of various modifications and al-
ternative forms, embodiments thercof are shown by way of example in the drawings and
will herein be described in detail. It should be understood, however, that there is no intent
to limit example embodiments to the particular forms disclosed, but on the contrary, ex-
ample embodiments are to cover all modifications, equivalents, and alternatives falling
within the scope of the invention. Like numbers refer to like elements throughout the

description of the figures.

It will be understood that when an element is referred to as being “connected” or
“coupled” to another element, it can be directly connected or coupled to the other ele-
ment or intervening elements may be present. In contrast, when an element is referred to
as being “directly connected” or “directly coupled” to another element, there are no in-

tervening elements present. Other words used to describe the relationship between ele-
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ments should be interpreted in a like fashion (e.g., “between” versus “directly between,”

“adjacent” versus “directly adjacent,” etc.).

The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of example embodiments. As used herein, the sin-
gular forms “a,” “an” and “the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further understood that the terms “com-

33 ey

comprising,” “includes” and/or “including,” when used herein, specify the pres-

2 4c

prises,
ence of stated features, integers, steps, operations, elements and/or components, but do
not preclude the presence or addition of one or more other features, integers, steps, opera-

tions, elements, components and/or groups thereof.

Unless otherwise defined, all terms (including technical and scientific terms) used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further understood that terms, e.g., those
defined in commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art and will not be interpreted

in an idealized or overly formal sense unless expressly so defined herein.

Fig. 1 schematically shows a block diagram of a transmitter apparatus 10 according to an

embodiment of the present invention.

The transmitter apparatus 10 serves for transmitting a non-orthogonal multicarrier signal
11 associated to one or a plurality of users of a communication system. The transmitter
apparatus 10 comprises, among other digital and analog electronic devices, a signal gene-
rator 12 for generating the multicarrier signal 11. The signal generator 12 is adapted to
generate and/or assign a plurality of overlapping radio resources 13 to one or a plurality
of users. According to embodiments, the plurality of radio resources 13 overlap in time
and/or in frequency, such that the plurality of overlapping radio resources 13 suffers from
self-interference, as e.g. inter-symbol interference and/or inter-subcarrier interference.
That is to say, the multicarrier signal 11 is non-orthogonal in at least time or frequency
direction by being based on non-orthogonal basis functions in time and/or frequency di-

rection.
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The muiticarrier signal 11 comprises a plurality of M subcarriers 11-1, 11-2, ..., 11-M,
wherein the subcarriers 11-1, 11-2, ..., 11-M may be assigned to a single user or to a plu-
rality of users. In contrast to conventional communication systems, the multicarrier sig-
nal 11 is based on non-orthogonal basis functions in time direction 14 and/or frequency
direction 15. Therefore, radio resources or signal puises 13 assigned to the individual
subcarriers 11-1, 11-2, ..., 11-M may overlap in time direction 14, in frequency direction
15, or even in both, as it is exemplarily indicated for the subcarriers 11-1 and 11-2 of the
non-orthogonal multicarrier signal 11. That is to say, according to embodiments, con-
trolled self-interference between adjacent signal pulses 13 is introduced in time direction

and/or in frequency direction.

The generation of the non-orthogonal multicarrier signal 11 may be performed similar to
the generation of a conventional OFDM signal. According to some embodiments the
non-orthogonal multicarrier signal 11 may, for example, be the result of a composition of
a plurality of conventional OFDM signals, each having a subcarrier spacing leading to
orthogonal subcarriers. By appropriate superposition of the plurality of conventional
OFDM signals the composite non-orthogonal multicarrier signal 11 may have a reduced
subcarrier spacing, resulting in overlapping and, hence, non-orthogonal subcarrier trans-

mission bands of the composite multicarrier signal 11.

In the following the time spacing of adjacent radio resources or time-frequency signal
pulses 13 corresponding to an arbitrary subcarrier 11-m (m = 1, 2, ..., M) of the non-
orthogonal multicarrier signal 11 will be referred to as AT, while the frequency spac-
ing of adjacent radio resources or time-frequency signal pulses 13 will be referred to as
Afomra- According to embodiments, the signal generator 12 may be adapted to generate the
multicarrier signal 11 by choosing ATjua*Afinra < 1, leading to overlapping radio re-
sources 13 in time and/or frequency. Additionally or alternatively, the signal generator 12
may be adapted to set AT}, smaller than the Nyquist sample duration, leading to over-

lapping radio resources 13 in time direction.

The loss of orthogonality within the non-orthogonal multicarrier signal 11 may be com-

pensated at the receive side. The denser packing of radio resources may allow a higher
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spectral efficiency than conventional OFDM. Although receiver complexity will increase
compared to conventional OFDM, this is considered to be a manageable task due to
Moore’s law and further non-orthogonal multicarrier signal design degrees, which will be

described in the following.

According to some less complex embodiments with respect to required computational
complexity of a corresponding receiver, the signal generator 12 may be adapted to assign
a plurality of non-overlapping radio resource blocks to one or more users. Thereby a ra-
dio resource block comprises a plurality of overlapping radio resources 13. Adjacent
non-overlapping radio resource blocks do not overlap in time or frequency direction. In
contrast, adjacent overlapping radio resources 13 within a resource block overlap in time
and/or frequency direction. Such a multicarrier signal having non-overlapping radio re-
source blocks of overlapping radio resources will also be referred to as a block-

overlapping multicarrier (BO-MC) signal in the sequel.

Figs. 2a and 2b exemplarily show time-frequency constellations of two BO-MC signals

21, 22, according to embodiments of the present invention.

The BO-MC signal 21 of Fig. 2a comprises a plurality of non-overlapping radio resource
blocks 23. Those radio resource blocks 23 do essentially neither overlap in time direction
nor in frequency direction, which is highlighted by the dashed separation lines 24. In
general, it is also imaginable to have a slight overlap between adjacent radio resource
blocks, but less than inside the blocks (e.g., if Gauss-like pulses with long tails are used
there might be some remaining small overlap even between adjacent radio resource
blocks.) Each of the non-overlapping radio resource blocks 23, however, comprises a
plurality of overlapping radio resources 13. In the example of Fig. 2a, the plurality of
overlapping radio resources 13 of a non-overlapping radio resource block 23 overlap
both in time and frequency direction. That is to say, the intra-block subcarrier separation
Afinra 1n frequency direction is less than the passband bandwidth of a subcarrier of the
radio resource block 23. Additionally, adjacent signal pulses 13 also overlap each other
in time direction, which will e.g. be the case when the time spacing AT, of adjacent

signal pulses is smaller than the Nyquist sample duration.
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The BO-MC signal 22 of Fig. 2b also comprises a plurality of non-overlapping radio re-
source blocks 25. The radio resource blocks 25 of BO-MC signal 22 do neither overlap in
time direction nor in frequency direction, which is highlighted by the dashed lines sepa-
ration 24. However, each of the non-overlapping radio resource blocks 25 comprises a
plurality of overlapping radio resources 13. In the example of Fig. 2b, the plurality of
overlapping radio resources 13 only overlap in frequency direction. Here, the inter-block
subcarrier separation Afi., in frequency direction is larger than the passband bandwidth
of a whole radio resource block 25. Adjacent signal pulses 13 mapped on a subcarrier 11-
m(m=1,2, ..., M) and belonging to a radio resource block 25 overlap each other only in

frequency direction.

According to a further non-illustrated embodiment (with interchanged axes compared to
Fig. 2b), the plurality of overlapping radio resources 13 may only overlap in time direc-
tion. In this case the inter-block subcarrier separation Af;., in frequency direction is
larger than the passband bandwidth of a subcarrier corresponding to a radio resource
block. Adjacent signal pulses 13 mapped on a subcarrier 11-m (m = 1, 2, ..., M) and be-
longing to a radio resource block 25 overlap each other only in time direction. This will
e.g. be the case when the time spacing AT}, of adjacent signal pulses is smaller than the

Nyquist sample duration.

According to the principle underlying the BO-MC signals 21, 22 of Figs. 2a and 2b, non-
overlapping resource blocks 23, 25 of time-frequency pulses 13 overlapping therein may
be used to generate the non-orthogonal multicarrier signals 21, 22. In contrast to conven-
tional OFDM, the subcarriers of the non-orthogonal multicarrier signals 21, 22 may have
unequal distances due to the choice of the parameters AT}, , AfintersDT inra a0d Afipgrq. In
one of its simplest forms this may be achieved by superimposing several non-overlapping
FFT signals to an overlapping composite FFT signal. In order to properly delimit a radio
resource block 23, 25 from an adjacent radio resource block 23, the radio resource block
23, 25 may be appropriately filtered to suppress their out-of-block sidelobes. If needed,
some time and/or frequency spacing may be inserted between adjacent non-overlapping
radio resource blocks 23, 25. Optionally, the block-size of the non-overlapping radio re-

source blocks 23, 25 may be adapted depending on modulation order, Signal-to-
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Interference-plus-Noise Ratio (SINR), Doppler and/or delay spread, etc., to keep a mana-
geable trade-off between receiver complexity and performance. Also, pseudo-random
phase shifts between adjacent non-overlapping radio resource blocks 23, 25 or even the
base functions thereof may be introduced in order to reduce the Peak-to-Average Power

Ratio (PAPR) of the resulting non-orthogonal multicarrier signal 11, 21, 22.

With the BO-MC signals 21, 22 of Figs. 2a and 2b a partial loss of orthogonality is
created by overlapping modulation waveforms 13 within small time-frequency radio re-
source blocks 23, 25. The overlapping modulation waveforms 13 pose a challenge to a
receiver, which has to cope with self-interference of the resulting non-orthogonal trans-
mit signal 21, 22. The design of embodiments, based on a preferably limited block-size
NM(N=1,2,...,0; M=1,2, ..., 00, N\M>2), allows the usage of advanced receivers,
like Maximum Likelihood Detection (MLD) or suboptimal variants of it (e.g. Sphere

Detection) with tolerable complexity.

A BO-MC signal according to various embodiments comprises many non-overlapping
radio resource blocks. Each of them may contain M*N overlapping signals of basic signal
pulses g(7), N overlapping signal pulses in time direction, M overlapping signal pulses in
frequency direction. If N or M equals 1, then there are no overlapping signal pulses in the
respective direction. The radio resource block size (N and M) and the radio resource
block design may be a function of a tolerable receiver complexity and radio channel pa-
rameters (e.g. Doppler spread, Delay spread, etc.). The time spacing of pulses within a
radio resource block 23, 25 is AT}y, the frequency spacing Afiuyq. Note that AT, may
be different to the Nyquist sample duration ATwyquisr, €.8. ATinra < ATnyguisr- Furthermore,
the multiple subcarriers 11-m (m = 1, 2, ..., M) within a radio resource block 23, 25 can
be non-orthogonal with AT},,.*Afiye < 1. In this case, controlled and known inter-

subchannel and/or inter-symbol interference may be generated.

According to some embodiments, the pulses for each symbol 13 of the radio resource
block 23, 25 can be shaped individually, thus we may write g,,,(r) (n=1,2, ..., Nym =1,
2, ..., M). The signal generator 12 may hence be adapted to pulse-shape signal pulses

corresponding to the plurality of overlapping radio resources 13 individually, e.g. by ap-
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plying block-individual band-pass parameters. The pulse shaping may e.g. be generated
by filtering, e.g. a two-stage filtering, where a signal is first filtered per subcarrier and
second filtered per radio resource block 23, 25. The individual pulse shaping may help to
suppress undesired cross-talk between neighbouring non-overlapping radio resource

blocks 23, 25.

Onto a radio resource block 23, 25 M*N data symbols @, (f) (n=1,2, ..., N:m = 1, 2,
..., M) may be mapped, which can e.g. be QAM symbols in some embodiments, but in

general can be any other modulation form. The signal s!"/() corresponding to a radio

resource block / may then be written as

M-1 N-1
sty =Y (GXP(J' 27010 40D Ay & ot = NAT,, )J , )
n=0

m=0

wherein A denotes a number of overlapping signal pulses 13 in frequency direction per
radio resource block i, N denotes a number of overlapping signal pulses 13 in time direc-
tion per radio resource block i, AT}, denotes a time spacing between adjacent signal
pulses within the radio resource block 7, Afiu. denotes a frequency spacing between ad-
jacent signal pulses within the radio resource block i, and wherein g,,,(f) denotes the n-th
signal pulse in time direction and the m-th signal pulse in frequency direction of the radio

resource block i.

The composite multicarrier signal s, (1) of M parallel (in frequency direction) and non-

overlapping radio resource blocks may be written as

M-1 ©
S (t) = Z(exp(ﬂmmﬁmt) D st —AAT,,, )) , )
=0 i

n=—w

wherein M denotes a number of non-overlapping radio resource blocks in frequency di-
rection, AT}, denotes the time spacing between adjacent non-overlapping radio resource

blocks, Afiner denotes the frequency spacing between adjacent non-overlapping radio

resource blocks, and wherein siL(r—#7T,, . ) denotes the 7 -th non-overlapping radio
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resource block 23, 25 in time direction and the 77 -th non-overlapping radio resource
block 23, 25 in frequency direction. Note that the inter-block spacings (between radio
resource block centers) ATjuer, Afiner do not necessarily have to be integer multiples of
the intra-block spacings (between radio resource centers) AT nyq, Afinra Or the Nyquist

sample duration ATy, quis-

From this very general, powerful but complex approach, it is possible to derive a man-
ageable embodiment realization, based on two (conventional) OFDM building blocks
with signal tone or subcartier spacing Afiuma= 1/2ATyyguist and with AT, and Afjuer be-
ing integer multiples of the intra-block spacing and the Nyquist sample duration AT, Nyquists
respectively. Such a non-orthogonal multicarrier signal can be synthesized by superim-
posing two (conventional) OFDM signals (each with subcarrier-spacing 1/AT; Nyquist) With
relative frequency offset of Afi,pe = 1/2ATnyguise between the two superimposed (conven-
tional) OFDM signals. For this OFDM special case, in order to have less complex receiv-
ers, for certain setups it still might be beneficial to keep the cyclic prefix. Note, that for
the example of Fig. 2b, compared to standard OFDM, we still have half the subcarrier-

spacing (with overlapping subcarriers), leading to nearly double amount of data symbols.

According to embodiments, the signal generator may hence be adapted to generate the
non-orthogonal multicarrier signal 11 by superimposing a plurality of kK OFDM signals,
each having a spacing Af of orthogonal subcarriers according to Af'= 1/ATnyguist, Such that
a frequency spacing Afiu, of adjacent non-orthogonal subcarriers of the composite mul-
ticarrier signal is Afjupq = 1/(k* ATnyquist), Wherein AT, Nyquist corresponds to the Nyquist
sample duration of an OFDM signal transmitted over a bandwidth-limited communica-

tions channel, and £ is an integer equal to or larger than 2.

More generally, also other signal generations schemes, as e.g. filterbank based multicar-
rier generation, may be employed. The signal generator may be generally adapted to as-
sign the plurality of overlapping radio resources such that a time spacing AT}, of adja-
cent signal pulses within a non-overlapping radio resource block corresponds to the Ny-
quist sample duration ATy, and such a frequency spacing of adjacent signal pulses
within a radio resource block is Afiye = 1/(k*ATnyquist), and wherein a time spacing

ATiner of adjacent non-overlapping radio resource blocks corresponds to an integer mul-
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tiple of ATwyquis, and wherein a frequency spacing Afine, of adjacent non-overlapping

radio resource blocks corresponds to an integer multiple of Afia.

An optional usage could also be to switch off one of k£ = 2 generating OFDM building
blocks, resulting in standard OFDM. This can e.g. be done depending on the channel
quality / SNR. For, example in high SNR operation regimes, the second OFDM building
block may be turned on, while in low SNR operation regimes, the second OFDM build-
ing block may be turned off. That is to say, the signal generator 12 may be adapted to
switch at least one of the plurality of Kk OFDM signals on and/or off dependent on a quali-

ty of the communications channel.

While in principle a joint equalization and detection of the non-orthogonal multicarrier
signal 11 according to the maximum likelihood criterion is possible, a less complex re-

ceiver strategy will be described in the following.

It is assumed that a multi-tap equalizer at the receiver side copes with the inter-symbol
interference. Further, it is assumed that the non-orthogonal multicarrier signal is gener-
ated based on superposition of conventional OFDM. If other signal generation schemes
are used for multicarrier signal generation, such as e.g. filterbank based multicarrier gen-

eration, the actual channel and crosstalk matrix depends on the time-frequency response.

Hence, for non-orthogonal multicarrier signal generation based on superposition of con-
ventional OFDM, and based on the notation of Fig. 3a, an ideal and perfectly synchro-

nized received signal for a 3x3 BO-MC block may be written as
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Transmit symbol vector X = [x; x; ... Xo]' passes through the (equalized) communication

channel and the crosstalk matrix H, which is a function of the overlapping basic signal

S pulses gu.(f) and gets disturbed by interference vector I and noise vector n. At the re-

. . . . T
ceiver, this results in receive vectory = [y; y» ... yo] .

A received signal y = [y; y, ... »]" in case of a 1x9 BO-MC block can be represented,
based on Fig. 3b, by:

10

N
Y2
y3
Y4
Ys
Y6
Y7
Y8
BL

K
X2
X3
X4
X5
X6
X7

X8

X9

~i
3

“4)

Here, the non-vanishing secondary diagonal coefficients A4y, h14, he1, hie, hs1, s, hso, hsy,

h72, ha7, hoy, oo, hes, he, hs3, hs, h7a, a7, hoa, hag, hss, hss, hos, heo result from sidelobes of

15

rier signal 11

the superimposed conventional OFDM signals resulting in the non-orthogonal multicar-
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In both cases this band-diagonal matrix structure can be exploited by advanced receiver

structures.

In Eq. (3) and (4) it is assumed to have some means for compensating frequency de-
lays/shifts and time delay offsets within the receiver before separating the symbols (x; to
X9). Residual interference terms due to non-perfect compensation may be included in
interference vector I. Alternatively, if no dedicated compensation (frequency and timing)
schemes are present, the zeros within the matrices H naturally vanish, i.e., then each of
the symbols x; to x¢ contribute to the interference matrices. However, this interference

still may be compensated afterwards.

As has been shown, the loss of orthogonality of embodiments of non-orthogonal multi-
carrier signals may be compensated at the receive side. The denser packing of radio re-
sources may allow a higher spectral efficiency than in conventional OFDM schemes. As
a result the receiver complexity will increase compared to conventional OFDM. How-
ever, due to Moore’s law and the design degree of freedom of the block size M*N, this is
manageable. For example, the following receiver types may be used to detect embodi-

ments of non-orthogonal multicarrier signals:

* Maximum likelihood (ML)
* Complete matrix (most complicated variant)
=*One per line
= Sphere decoding
* Successive interference cancellation (SIC)
= Complete matrix
= One per line
*Example for 3x3 blocks: x3, X4, X, X5 (see Fig. 3a) boosted as starting
points for the SIC
* Linear receivers
= Zero forcing (ZF)

* Minimum mean squared error (MMSE)
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One advantage of proposed embodiments is that the radio resource block structures of the
non-orthogonal multicarrier signal may be matched to the processing capacities of an
employed receiver. The proposed design allows using very advanced and complex re-

ceivers without excluding simple approaches.

The search space usually is “exploding” for those receivers (e.g. ML-type ones) with
overlapping signal structures in the non-orthogonal multicarrier signal. With proposed
embodiments, signal and receiver complexity may be adjusted in order to find the best

compromise between performance and computational feasibility.

By varying the intra-block parameters AT,uq, Afinra and g..(¢) over frequency and time
within a radio resource block, the BO-MC concept may adapt to various channel condi-
tions and usage types. For example, for low-mobility CoMP users it might be attractive
to use small Afiu, (i.e. subcarrier overlap) in conjunction with large AT}, (no signal
pulse overlap in time direction). Hence, the signal generator 12 may be adapted to vary
ATintras Ninra, and/or gu(f) over frequency and/or time in response to different channel
and/or usage or user conditions. For example, with the simplified conventional OFDM
building blocks a small cyclic prefix overhead may be obtained. In this case we can still
keep the cyclic prefix (CP) when we want to reduce the receiver complexity. Keeping the
CP results in extra overhead. This overhead relatively reduces for longer symbol dura-
tions, implying shorter subcarrier spacings. So when we want to support radio channels
with higher delay spreads, as expected for COMP, we can design the BO-MC signal with
longer symbol duration, reducing CP overhead (The shorter subcarrier spacing is tolera-

ble as CoMP targets low mobility user, which thus have small Doppler spreads.).

One simple realization of this flexibility may be to switch the intra-block parameters

ATintraa Ajt"ntra and gmn(t) over time.

A more flexible but also more complex way is to use equally sized BO-MC radio re-
source blocks in terms of overall frequency and time spacing AT}y, Afiner With different
intra-block parameters, e.g., two or more different sets of intra-block parameters:

1 1 i 2 2 2
ATintra( ), Aﬁmra( )) gmn(t)( ) and ATimra( )5 Aﬁntm( )a gmn(t)( )-
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In most cases it will be preferable to have rather constant communication channels over
the whole BO-MC block. The inter-block parameters ATjuer, Afiner may be matched to

coherence time and bandwidth of those communication channels.

Embodiments may support a per-user adaptation to its conditions, allowing a time-
frequency radio resource block-wise multiple access scheme where each user can operate

with an optimized non-orthogonal multicarrier signal structure.

As schematically illustrated in Fig. 4, other embodiments may also provide a method 40

for transmitting a non-orthogonal multicarrier 11, 21, 22.

The method 40 comprises a step 41 of generating the multicarrier signal 11, 21, 22 by
assigning or generating a plurality of overlapping radio resources (time-frequency signal
pulses, i.e. signal pulse having both time and frequency components) 13 to one or more
users, wherein the plurality of radio resources 13 overlap in time and/or frequency, such
that the plurality of overlapping radio resources 13 assigned to the one or more users suf-

fer from self-interference or crosstalk.

Embodiments of the aforementioned apparatuses may comprise a signal processor, re-
spectively, executing a computer program having a program code for performing or sup-
porting embodiments of the above described method when the computer program is exe-
cuted on said processor. Hence, embodiments may provide a computer program having a
program code for performing one of the above described methods when the computer
program is executed on a computer or processor. A person of skill in the art would read-
ily recognize that steps of various above-described methods can be performed by pro-
grammed computers. Herein, some embodiments are also intended to cover program
storage devices, e.g., digital data storage media, which are machine or computer readable
and encode machine-executable or computer-executable programs of instructions,
wherein said instructions perform some or all of the steps of said above-described meth-
ods. The program storage devices may be, e.g., digital memories, magnetic storage media
such as a magnetic disks and magnetic tapes, hard drives, or optically readable digital
data storage media. The embodiments are also intended to cover computers programmed

to perform said steps of the above-described methods.
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The description and drawings merely illustrate the principles of the invention. It will thus
be appreciated that those skilled in the art will be able to devise various arrangements
that, although not explicitly described or shown herein, embody the principles of the in-
vention and are included within its spirit and scope. Furthermore, all examples recited
herein are principally intended expressly to be only for pedagogical purposes to aid the
reader in understanding the principles of the invention and the concepts contributed by
the inventor(s) to furthering the art, and are to be construed as being without limitation to
such specifically recited examples and conditions. Moreover, all statements herein recit-
ing principles, aspects, and embodiments of the invention, as well as specific examples

thereof, are intended to encompass equivalents thereof.

Functional blocks denoted as “means for ...” (performing a certain function) shall be
understood as functional blocks comprising circuitry that is adapted for performing a
certain function, respectively. Hence, a “means for s.th.” may as well be understood as a
“means being adapted or suited for s.th.”. A means being adapted for performing a cer-
tain function does, hence, not imply that such means necessarily is performing said func-

tion (at a given time instant).

Functions of various elements shown in the figures, including any functional blocks may
be provided through the use of dedicated hardware, as e.g. a processor, as well as hard-
ware capable of executing software in association with appropriate software. When pro-
vided by a processor, the functions may be provided by a single dedicated processor, by a
single shared processor, or by a plurality of individual processors, some of which may be
shared. Moreover, explicit use of the term “processor” or “controller” should not be con-
strued to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (DSP) hardware, network processor,
application specific integrated circuit (ASIC), field programmable gate array (FPGA),
read only memory (ROM) for storing software, random access memory (RAM), and non-

volatile storage. Other hardware, conventional and/or custom, may also be included.

It should be appreciated by those skilled in the art that any block diagrams herein

represent conceptual views of illustrative circuitry embodying the principles of the inven-
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tion. Similarly, it will be appreciated that any flow charts, flow diagrams, state transition
diagrams, pseudo code, and the like represent various processes which may be substan-
tially represented in computer readable medium and so executed by a computer or pro-

cessor, whether or not such computer or processor is explicitly shown.
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Claims

A transmitter apparatus (10) for transmitting a multicarrier signal (11) associated to

at least one user of a communication system, the transmitter apparatus comprising;:

a signal generator (12) for generating the multicarrier signal (11), wherein the sig-
nal generator is adapted to assign a plurality of overlapping radio resources ( 13) to
the at least one user, wherein the plurality of radio resources (13) overlap in time
and/or frequency, such that the plurality of overlapping radio resources assigned to
the at least one user suffer from self-interference,

wherein the signal generator (12) is adapted to assign a plurality of non-
overlapping radio resource blocks (23; 25) to the at least one user, wherein a radio
resource block (23; 25) comprises a plurality of overlapping radio resources (13),
wherein adjacent non-overlapping radio resource blocks (23; 25) do not overlap in
time, and wherein adjacent overlapping radio resources (13) of a resource block

overlap in time and/or frequency.

The transmitter apparatus (10) according to claim 1, wherein the signal generator
(12) 1s adapted to assign the plurality of overlapping radio resources (13) such that
a time spacing between adjacent overlapping radio resources (13) is AT}4, and
such a frequency spacing between adjacent overlapping radio resources (13) is
Afintras Wherein AT;,,, is smaller than the Nyquist sample duration and/or

A ﬂntra*Aﬁntra < 1 .

The transmitter apparatus (10) according to claim 1, wherein the signal generator
(12) 1s adapted to assign the plurality of non-overlapping radio resource blocks (23;
25) to the at least one user, such that adjacent non-overlapping radio resource

blocks (23; 25) do neither overlap in time nor in frequency.

The transmitter apparatus (10) according to claim 1, wherein the signal generator
(12) is adapted to assign the plurality of overlapping radio resources (13) of a radio
resource block (23; 25) such that a time spacing between adjacent overlapping ra-

dio resources (13) of the radio resource block (23; 25) is ATip,, and such a fre-
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quency spacing between adjacent overlapping radio resources (13) of the radio re-
source block (23; 25) is Afiuna, wherein AT, is smaller than the Nyquist sample

duration and/or AT },0* Afinra< 1.

The transmitter apparatus (10) according to claim 1, wherein the signal generator
(12) is adapted to use a time spacing A7y, and a frequency spacing Afineer between
adjacent non-overlapping radio resource blocks (23; 25) as inter-block parameters,
wherein the signal generator (12) is configured to adapt the inter-block parameters
to a coherence time and/or a coherence bandwidth of a communications channel of

the multicarrier signal.

The transmitter apparatus (10) according to claim 1, wherein the signal generator
(12) is adapted to pulse-shape signal pulses corresponding to the plurality of over-

lapping radio resources (13) individually.

The transmitter apparatus (10) according to claim 1, wherein the signal generator
(12) 1s adapted to map a plurality of M*N data symbols a,,,; onto the overlapping
radio resources (13) of a radio resource block i, such that a time-domain signal cor-
responding to the radio resource block i of the multicarrier signal (11) may be ex-

pressed as

M-1 N-1
Szlb](t) - Z(exp(jzmnAf;mrat)zamn,igmn (t - nATimra )j >
m=0 n=0

wherein M denotes a number of overlapping pulses of the the radio resource block i
in frequency direction, N denotes a number of overlapping pulses of the radio re-
source block 7 in time direction, AT}, denotes a time spacing of adjacent signal
pulses within the radio resource block /, Af;u, denotes a frequency spacing of adja-
cent signal pulses within the radio resource block i, and wherein g,,,(r) denotes the

n-th signal pulse in time direction and the m-th signal pulse in frequency direction.
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The transmitter apparatus (10) according to claim 7, wherein the signal generator
(12) is adapted to vary ATiuma, Afira, and/or g,..(t) over frequency and/or time in

response to different communication channel and/or usage conditions.

The transmitter apparatus (10) according to claim 7, wherein the signal generator
(12) is adapted to generate the multicarrier signal (11) comprising the non-
overlapping radio resource blocks (23; 25) such that the multicarrier signal (1 1)

may be expressed as

M~1 ©
Sa(t) = Z(exp(ﬂm?mfmt) D WLt -AAT,, )],
m=0

A=

wherein M denotes a number of non-overlapping radio resource blocks (23; 25) in
frequency direction, AT, denotes a time spacing between adjacent non-
overlapping radio resource blocks (23; 25), Afiu.- denotes a frequency spacing be-
tween adjacent non-overlapping radio resource blocks, and wherein
st 7T, ) denotes the 7 -th non-overlapping radio resource block (23; 25) in

time direction and the 7 -th non-overlapping radio resource block (23; 25) in fre-

quency direction.

The transmitter apparatus (10) according to claim 9, wherein the signal generator
(12) is adapted to vary the intra-block parameters AT}, Afintra, and/or gun(t) over
frequency and/or time, while using constant values for the inter-block parameters

AT inter and Af;‘nter-

The transmitter apparatus (10) according to claim 1, wherein the signal generator
(12) is adapted to assign the plurality of overlapping radio resources (13) such that
a time spacing AT},,, of adjacent signal pulses (13) within a non-overlapping radio
resource block (23; 25) corresponds to the Nyquist sample duration AT, Nyquist> and
such that a frequency spacing Afj.., of adjacent signal pulses (13) within a radio re-
source block (23; 25) is Afiwa = 1/(K*AT. Nyquist), Wherein k is an integer equal to or

larger than 2, and wherein a time spacing AT, of adjacent non-overlapping radio
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resource blocks corresponds to an integer multiple of AT, Nyquist, and wherein a fre-
quency spacing Afi.., of adjacent non-overlapping radio resource blocks corres-

ponds to an integer multiple of Af5,..

The transmitter apparatus (10) according to claim 1, wherein the signal generator
(12) is adapted to generate the multicarrier signal (11) by superimposing a plurality
of k£ OFDM signals, each having a subcarrier spacing Af of orthogonal subcarriers
according to Af'= 1/AT, with AT being an OFDM symbol spacing in time direction,
such that a frequency spacing Afiu, of adjacent non-orthogonal subcarriers of the
composite multicarrier signal (11) is Afiu, = 1/(k*AT), wherein k is an integer

equal to or larger than 2.

The transmitter apparatus (10) according to claim 11, wherein the signal generator
(12) 1s adapted to switch at least one of the plurality of kK OFDM signals on and/or

off depending on a quality of the communications channel.

A method (40) for transmitting a multicarrier signal (11) associated to at least one

user of a communication system, the method comprising:

generating (41) the multicarrier signal (11) by assigning a plurality of overlapping
radio resources (13) to the at least one user, wherein the plurality of radio resources
overlap in time and/or frequency, such that the plurality of overlapping radio re-
sources assigned to the at least one user suffer from self-interference,

wherein generating (41) the multicarrier signal (11) comprises assigning a plurality
of non-overlapping radio resource blocks (23; 25) to the at least one user, wherein a
radio resource block (23; 25) comprises a plurality of overlapping radio resources
(13), wherein adjacent non-overlapping radio resource blocks (23; 25) do at least
not overlap in time, and wherein adjacent overlapping radio resources (13) of a re-

source block overlap in time and/or frequency.

A computer program having a program code for performing the method of claim

14, when the computer program is executed on a computer or processor.
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