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TRANSMITTER AND RECEIVER DEVICES AND METHODS THEREOF

Technical Field

The present invention relates to a transmitter device arranged for concurrent transmission of

downlink data streams. Furthermore, the present invention also relates to a corresponding

receiver device, corresponding methods, a computer program, and a computer program

product.

Background

On the Downlink (DL) of a cellular network, such as for example a Long Term Evolution

(LTE) network, a single transmitter sends several encoded and modulated data streams to

multiple User Equipment (UE) receivers over a shared physical channel. The physical

channel is typically shared under control of a dedicated controller, a so-called scheduler,

which determines how the total available time-frequency-space resources at the transmitter

are allocated to different UEs at each transmission time interval. The scheduler must take

into account a number of parameters and criteria in each transmission interval.

The basic scheduling principle is that certain time-frequency-space resources are allocated

to the UE which can draw the largest benefit of these resources. Such benefit is typically

measured by the Spectral Efficiency (SE) that can be achieved at UE's receiver. However,

the scheduler also has to take care that all the users that expect reception from the

transmitter are served with a delay that does not exceed certain prescribed limit. In other

words, the scheduler has to ensure a fair sharing of DL resources between all the active

UEs. Good spectral efficiency and service fairness are often contradicting requirements.

A widely spread method to achieve both is to use orthogonal multiple access transmissions,

such that disjoint (i.e. orthogonal) time-frequency-space resources are allocated to different

UEs. It means that a Resource Element (RE) is allocated only to one UE.

Future wireless networks are expected to have significantly increased DL data traffic, either

in the form of increased number of UEs connected to a single DL transmitter (for example,

the UEs might be sensors), or in the form of multiple, virtually concurrent data streams

transmitted to the same UE from a single transmitter (for example, where each stream

corresponds to a different application running on the same UE). Both cases can be modelled

as an increased number of high-rate DL data streams, which might be difficult or impossible



to achieve through an orthogonal multiple access method, i.e. without using REs for

simultaneous transmissions to multiple UEs.

The simultaneous transmission of multiple signals using common REs is the basic feature of

Non-Orthogonal Multiple Access (NOMA) methods. The practical NOMA methods can be

designed starting from different scenarios, where each scenario is characterized by a specific

optimization criterion or target for selection of transmission parameters, leading to quite

different solutions. However, all NOMA transmission methods have to ensure reliable

separation/detection, demodulation and decoding of each individual multiplexed stream at

the intended UEs.

In one scenario, the optimization target is the maximization of the aggregate DL spectral

efficiency (of one transmitter) by simultaneous transmission to the UEs experiencing similar

physical communication channel qualities. The UEs that report to the transmitter similar

Channel Quality Indicators (CQI) are grouped by the scheduler into the same category, and

then served by the same transmission resources when the instantaneous channel conditions

are the best for the given resources. The corresponding NOMA methods thus preserve the

same data rate, the same transmitted energy per bit of each multiplexed stream, and the

same scheduler design as if each of the multiplexed streams would have been transmitted

alone on observed time-frequency-space resources. It further means that the transmitted

power per RE is increased proportionally to the overloading factor, i.e. the number of

multiplexed streams. The NOMA schemes designed using this principle include, for example,

Low-Density Spread (LDS) Multiple Access (LDSMA), Trellis-Coded Multiple Access (TCMA)

and its enhanced version (ETCMA), Constellation-Expansion Multiple Access (CEMA), etc.

In another overloading scenario, the target is to increase the number of UEs served per RE,

but without increasing transmit power per RE. The direct consequence of conserving the

transmit power per RE is that the achievable data rates of each of multiplexed UE signals are

lower than if each of them would have been transmitted separately. An additional target is to

do multiplexing in such a way that the aggregate rate of concurrently served UEs is larger

than the aggregate rate that can be obtained by time division multiplexing of these UEs

(where each transmission interval is split into subintervals corresponding to different UEs). It

can be shown that this target can be achieved only if the received Signal-to-Noise Ratios

(SNRs) of multiplexed UEs are not equal. Indeed, the higher the SNR difference, the higher

the gain one can expect from concurrent transmission. It should be noted that this target is

not equivalent to maximizing the aggregate data rate per RE, as it can be shown that the



aggregate data rate cannot be larger than the maximum single UE data rate that can be

obtained for the UE with the highest received SNR. The practical implementation of such

NOMA scheme is based on the weighted amplitude superposition of error-correction code

words for (typically two) different UEs, where UE-specific amplitude scaling keeps the total

power per RE equal to the RE power for single UE transmission. We shall refer to such

scheme as amplitude-weighted NOMA (AW-NOMA). Each amplitude scaling coefficient

uniquely determines the maximum code rate for the corresponding UE.

The weighted amplitude superposition of error-correction code words results in the

transmitted signal whose constellation points depend of the chosen UE-specific weights and

modulation constellations. Therefore the constellation symbols of the AW-NOMA signal

typically belong to a constellation that is different from the conventional, well-studied and

practically used modulation constellations, such as QPSK, 16QAM, 64QAM, etc. Such

unconventional constellations, heavily dependent on the instantaneous code rates of

multiplexed UEs, may cause difficulties in the design of Radio Frequency (RF) chains in both

transmitter and corresponding receivers.

For example, some constellation points might be so close that any deviation from their ideal

positions due to hardware imperfections (such as carrier leakage, low image rejection ratio,

phase noise, etc.) can make correct reception not feasible if these hardware imperfections

are not tightly controlled, which in turn makes the design and implementation more

expensive.

Additionally, the standardization of AW-NOMA might require additional, possibly significant

effort in order to specify the minimum requirements for these hardware imperfections, which

are typically measured by the Error Vector Magnitude (EVM), sometimes also called Receive

Constellation Error (RCE) or by the Modulation Error Ratio (MER). Roughly described, the

EVM is a measure of how far the transmitted/received constellation points are from the ideal

locations. Thus it might happen that AW-NOMA signals require new, tighter EVM

requirements than those specified in the current cellular standards.

Besides, it is hard to predict and evaluate performances of AW-NOMA constellations on

fading channels, as they depend on the ratio of weighting coefficients, which can be

practically arbitrary, as opposed to conventional modulation constellations points whose

positions are independent of the code rate, and whose performances are well-known.



The AW-NOMA scheme performs simple superposition of coded and modulated signals:

each message is encoded with a different rate than modulated. After modulation, signals are

amplitude-weighted, then superposed and transmitted (see Fig. 1) . Two active users are

operating in the system: a near user which, due to the lower path loss, experiences a high

SNR, and a far user which experiences a lower SNR. Different amplitude weights are applied

to the near and far user signals: the signal intended for the near (resp. far) user is weighted

by coefficient « (resp. l - a ) - The total transmitted power per RE remains the same for all

values of a e [0,1]-

The ability of each receiver to correctly decode a message depends on the chosen values

of and on the coding rates. Given a , if the receiver is capable of decoding messages

encoded with a certain coding rate, then it will correctly decode all messages encoded with

lower coding rates.

Each receiver reports to the transmitter its SNR level or CQI. Based on this information, the

AW-NOMA transmitter will choose coding rates, modulation schemes and a that make

possible for the near user to decode the high-rate message and for the far user to decode

the low-rate message.

Nevertheless, the near receiver is able to decode both the high-rate and low-rate messages.

By correctly decoding the low-rate message, the near receiver has the opportunity of

completely eliminating the interference caused by the presence of the far user signal in the

received signal. The signal obtained after far-user interference cancellation contains the

high-rate encoded message plus noise, hence it can be decoded with improved reliability.

This process is known as Successive Interference Cancellation (SIC).

The far user, which experiences a lower SNR, is unable to decode the high-rate message,

therefore it cannot cancel the interference caused by the near user in the received signal.

Therefore, the rate used to encode the far user message must be low enough to make

decoding possible even in presence of interference.

The CEMA schemes perform concurrent transmission of multiplexed streams using the

modulation constellations already available in any transmission scheme. As a result, the

adoption of CEMA has a very limited impact on the transmission scheme, since existing



signal detection, synchronization and channel estimation algorithms do not need to be

modified. Fig. 2 shows a scheme of the CEMA transmitter.

CEMA targets the maximization of the aggregate DL spectral efficiency by simultaneous

transmission to UEs experiencing similar channel qualities. The UEs that report to the

transmitter similar CQI are grouped by the scheduler into the same category, and then

served using the same transmission resources, e.g. REs.

Each user's information stream is independently encoded and rate-matched with the same

coding rate for all users. The modulation constellation that would have been used if users

were served independently (a.k.a. base constellation) is expanded into a higher order

constellation - the expanded constellation - common to all users. The order of such larger

constellation is chosen so as to accommodate all of the coded bits of the concurrently

transmitted rate-matched code words.

The operation of multiplexing the multiple data streams of coded bits into one stream of

binary symbol labels is performed by a dynamic stream-to-label mapper. This block

dynamically changes the applied mapping rule from symbol to symbol in order to satisfy the

data rate and error protection requirements of each multiplexed stream. Labels generated by

the dynamic stream-to-label mapper are used to select from the expanded constellation the

symbols to be transmitted.

CEMA provides increased aggregate SE for users experiencing similar channel quality.

However, when the multiplexed users feature different channel qualities, CEMA becomes

spectrally inefficient. In fact, in order to provide reliable communication for the users with

lower SNR, low coding rates must be chosen. This way, the effective SE of the high-SNR

users is well below the value that would have been attained if they had been multiplexed with

users experiencing similar channel quality.

Summary

An objective of the present invention is to provide a solution which mitigates or solves the

drawbacks and problems of conventional solutions for concurrent transmission of non-

orthogonal independent downlink data streams.

Another objective of the present invention is to provide an alternative NOMA scheme (e.g.

with a fixed transmit power per RE), which can use conventional modulation constellations



while having at least the same spectral efficiencies and data rates as AW-NOMA.

According to a first aspect of the invention, the above mentioned and other objectives are

achieved with a transmitter device adapted to:

select a plurality of receiver devices u = 1, 2, ... , U having different downlink channel

qualities;

determine for each user a code rate R , a modulation order m , and number of

Resource Elements, REs, G

obtain a multiplexing matrix M based on the determined code rates =i,2,...,u

modulation orders r = 2,...,u ar, number of REs G = 1 2 υ for said plurality of receiver

devices;

independently encode for each receiver device an information message b =

, ... , b K - 1)) so as to obtain an encoded message e = (e (0), ... , e E - 1));

multiplex the encoded information messages e0, ... , e u _ into a label vector 1 =

(i(0), ... , l G — 1)) having m-bit labels based on said multiplexing matrix M;

using each label of said label vector 1= (Z(0), l G — 1)) to select a modulation

symbol from a modulation constellation of order m so as to obtain a symbol vector x =

(x(0), ... , x G — 1)) for said multiplexed encoded information messages e , ... , e u _1 and

transmit a downlink signal 5 comprising said symbol vector x = (x(0), ... , x G — 1)) .

According to a second aspect of the invention, the above mentioned and other objectives are

achieved with a receiver device adapted to:

receive a downlink signal 5 comprising a symbol vector x = (x(0), ... , x G — 1))

according to any of the preceding claims;

detect and de-multiplex said downlink signal 5 using a multiplexing matrix M associated

with said symbol vector x = (x(0), ... ,x G — 1)); and

decode said detected and de-multiplex downlink signal 5 so as to obtain an estimate of

an information message b = ( (0), ... , b K — 1)) associated with said receiver device.

According to a third aspect of the invention, the above mentioned and other objectives are

achieved by a transmission method comprising the steps of:

selecting a plurality of receiver devices u = 1, 2, ... , U having different downlink channel

qualities;

determining for each user a code rate R , a modulation order m , and number of

Resource Elements, REs, G



obtaining a multiplexing matrix M based on the determined code rates u =i,2,...,u

modulation orders r = 2,...,u ar, number of REs G = 1 2 υ for said plurality of receiver

devices;

independently encoding for each receiver device an information message b =

, ... , b K - 1)) so as to obtain an encoded message e = (e (0), ... , e E - 1));

multiplexing the encoded information messages e 0 , ... , e u _ into a label vector 1 =

(Z(0), ... , l G — 1)) having m-bit labels based on said multiplexing matrix M ;

using each label of said label vector 1 = (Z(0), l G — 1)) to select a modulation

symbol from a modulation constellation of order m so as to obtain a symbol vector x =

(x(0), ... ,x G — 1)) for said multiplexed encoded information messages e 0 , ... , e y _1 ; and

transmitting a downlink signal 5 comprising said symbol vector x = (x(0), ... , x G — 1)) .

According to a fourth aspect of the invention, the above mentioned and other objectives are

achieved by a receiving method comprising the steps of:

receiving a downlink signal 5 comprising a symbol vector x = (x(0), ... , x G — 1))

according to the third aspect above; and

detecting and de-multiplexing said downlink signal 5 using a multiplexing matrix M

associated with said symbol vector x = (x(0), ... , x G — 1)); and

decoding said detected and de-multiplex downlink signal 5 so as to obtain an estimate

of an information message b = ( (0), ... , b K — 1)) associated with said receiver device.

The present invention also relates to a computer program, characterized in code means,

which when run by processing means causes said processing means to execute any method

according to the present invention. Further, the invention also relates to a computer program

product comprising a computer readable medium and said mentioned computer program,

wherein said computer program is included in the computer readable medium, and

comprises of one or more from the group: ROM (Read-Only Memory), PROM

(Programmable ROM), EPROM (Erasable PROM), Flash memory, EEPROM (Electrically

EPROM) and hard disk drive.

A multiplexing matrix M typically indicates to which modulation symbol and to which bit in the

label of that symbol each coded bit has to be mapped .



The channel quality is a representation of the propagation conditions experienced by radio

signals and is typically a function of SNR, SINR and Signal to Noise and Distortion ratio

(SINAD).

The transmission is typically performed as concurrent DL transmission of non-orthogonal

independent downlink data streams to receiver devices in a wireless communication system.

Embodiments of the present invention disclose a non-orthogonal multiple access scheme,

which may be denoted Rate Adaptive-CEMA (RA-CEMA), in which multiple (non-orthogonal)

data streams are independently encoded and rate-matched, and thereafter multiplexed and

concurrently transmitted using a set of time-frequency-space Resource Elements (REs) in

the DL. Embodiments of the invention are capable of providing increased spectral

efficiencies by performing concurrent transmission to receiver devices having different

channel qualities. The RA-CEMA can use the same modulation schemes already available in

any transmission scheme, thus minimizing the impact on hardware requirements and on the

modulation, synchronization and detection algorithms of existing wireless communication

standards. Hence, the use of conventional modulations together with the capability of

attaining the performance of AW-NOMA makes the present solution easily incorporated in

any current wireless communication standard. Therefore, the proposed scheme features

among others the following advantages with respect to conventional solutions: the capability

of achieving increased spectral efficiency (SE) by multiplexing users with different channel

qualities; fixed transmit power per RE; use of conventional modulation constellations, like

QPSK, QAM, /W-PSK, etc.

The transmitter device is according to an embodiment of the present invention further

adapted to: receive the downlink channel qualities from said plurality of receiver devices;

and/or estimate the downlink channel qualities by measuring corresponding uplink channels

for said plurality of receiver devices.

According to this embodiment the downlink channel qualities can be based on Signal-to-

Noise Ratio, SNR, or Signal-to-lnterference and Noise Ratio, SINR. This is a very handy way

of estimating the channel quality and well known conventional methods can be used.

The transmitter device is according to yet another embodiment of the present invention

further adapted to obtain said multiplexing matrix M from a pre-computed library comprising a

plurality of multiplexing matrices Μ or representations thereof. Having a library of pre-



designed matrices or representations thereof is a very feasible design solution easy to

implement.

According to this embodiment the transmitter device can be further adapted to signal an

indication of said selected multiplexing matrix M to said plurality of receiver devices. Thereby,

the receiver devices can easily de-multiplex the received signal since it knows the selected

multiplexing matrix.

Further, according to this embodiment said indication can be an index in said pre-computed

library for said selected multiplexing matrix M . This embodiment reduces overhead since

signalling an index instead of full matrices requires much fewer bits.

Yet further, according to this embodiment said pre-computed library can comprise a plurality

of template matrices T having size m x G, where = 1 + 2 ... + υ and G =

max , ... , Gu , and said transmitter device can further be adapted to obtain said multiplexing

matrix M by using said plurality of template matrices T and a design parameter G' having a

value in the range from 1 to G. The value for G' can preferably be obtained through a

simulation based optimization procedure. By using template matrices T to generate

multiplexing matrices less memory is needed, when compared to pre-stored matrices.

Yet further, according to these embodiments the transmitter device can be further adapted to

signal to each of said plurality of receiver devices their respective associated receiver device

index u = 1, 2, ... , U. Thus the receiver device knows its corresponding index in the selected

multiplexing matrix M .

According to yet another embodiment of the transmitter device at least two column elements

of at least one column of said multiplexing matrix M are associated with different receiver

devices u = 1, 2, ... , U. This means that the multiplexing matrix M is non-orthogonal so as to

take advantage of different experienced channel qualities in DL transmissions.

According to yet another embodiment of the transmitter device said multiplexing matrix M

has size m G, where m = m ... + mu and G = G1, ... , GlJ . This is a very simple and

convenient way of defining the multiplexing matrix M .



According to this embodiment the transmitter device can be further adapted to transmit said

downlink signal 5 with G number of time-frequency REs. As no more than G number of time-

frequency REs have been assigned to each receiver device it is easy to extend and modify

conventional scheduling algorithms to the present solution.

The receiver device is according to an embodiment further adapted to obtain said

multiplexing matrix M by selecting a multiplexing matrix M from a pre-computed library

comprising a plurality of multiplexing matrices Μ or representations thereof. Having a library

of pre-designed matrices or representations thereof is a very feasible design solution easy to

implement.

According to this embodiment the receiver device can be further adapted to receive a signal

comprising an indication of said multiplexing matrix M . Thereby, the receiver devices can

easily de-multiplex the received signal since it knows the selected multiplexing matrix.

Further according to this embodiment said indication can be an index in said pre-computed

library for said selected multiplexing matrix M . This embodiment reduces overhead since

signalling an index instead of full matrices requires much fewer bits.

Yet further according to this embodiment said pre-computed library can comprise a plurality

of template matrices T having size m G, where m = m ... + mu and G = ax G ... , GU ,

and said receiver device (50) can further be adapted to obtain said multiplexing matrix M by

using said plurality of template matrices T and a design parameter G' having a value in the

range from 1 to G. The value for G' can preferably be obtained through a simulation based

optimization procedure. By using template matrices T to generate multiplexing matrices

less memory is needed.

Further according to these embodiments the receiver device can be further adapted to

receive a signal indicating a receiver device index u = 1, 2, ... , U for said receiver device.

Thus the receiver device knows its corresponding index in the multiplexing matrix M .

Further applications and advantages of the invention will be apparent from the following

detailed description.



Brief Description of the Drawings

The appended drawings are intended to clarify and explain different embodiments of the

present invention, in which:

- Fig. 1 illustrates AW-NOMA;

- Fig. 2 illustrates a CEMA transmitter;

- Fig. 3 illustrates a RA-CEMA system according to an embodiment of the present

invention;

- Fig. 4 illustrates a RA-CEMA scheduler according to an embodiment of the present

invention;

- Fig. 5 illustrates rate adaptive code word multiplexer operation;

- Fig. 6 illustrates transmission procedure of RA-CEMA with two receiver devices

according to an embodiment of the present invention;

- Fig. 7 is a flow chart illustrating an embodiment of the present invention;

- Fig. 8 shows an example of an multiplexing matrix with non-interfering mapping;

- Fig. 9 shows an example of an multiplexing matrix with interfering mapping;

- Fig. 10 shows label of 64-QAM;

- Fig. 11 illustrates information of the binary-input channels resulting from 64-QAM with

Gray labelling;

- Fig. 12 illustrates RA-CEMA receiver for a near receiver device;

- Fig. 13 illustrates a multiplexing matrix library;

- Fig. 14 illustrate template matrices;

- Fig. 15 shows performance results for embodiments of the present invention;

- Fig. 16 shows further performance results for embodiments of the present invention;

- Fig. 17 illustrates a transmitter device according to an embodiment of the present

invention;

- Fig. 18 illustrates a transmission method according to an embodiment of the present

invention;

- Fig. 19 illustrates a receiver device according to an embodiment of the present

invention; and

- Fig. 20 illustrates a receiving method according to an embodiment of the present

invention.

Detailed Description

Embodiments of the invention herein disclosed relates to a transmit device for concurrent

transmission of multiple independent data streams, intended for receiver devices with



different experienced channel qualities. Embodiments of the present invention applies to the

downlink of wireless communication systems, operating e.g. in the Frequency Division

Duplex (FDD) mode or in the Time Division Duplex (TDD) mode.

Fig. 17 illustrates a transmitter device 10 according to an embodiment of the present

invention . The device 10 comprises at least one processor 30 adapted to: select a plurality of

receiver devices 50 u = 1, 2, ... , U having different downlink channel qualities; determine for

each user a code rate R , a modulation order m , and number of Resource Elements, REs,

G obtain a multiplexing matrix M based on the determined code rates Ru =i ,2,...,u modulation

orders u =i ,2,...,u 3r number of REs = 2,...,u f said plurality of receiver devices 50;

independently encode for each receiver device 50 an information message b =

b , ... , b K - 1)) so as to obtain an encoded message eu = (eu (0), ... , e E - 1));

multiplex the encoded information messages e0, ... , e u _1 into a label vector 1= (Z(0), ... , l G —

1)) having m-bit labels based on said multiplexing matrix M; using each label of said label

vector 1= (Z(0), ... , l G —1)) to select a modulation symbol from a modulation constellation of

order m so as to obtain a symbol vector x = (x(0), ... , x G —1)) for said multiplexed encoded

information messages e0, ... , e u _ and transmit a downlink signal 5 comprising said symbol

vector x = (x(0), ... , x G —1)) . The transmitter device 10 may according to an embodiment

further be adapted for concurrent transmission of non-orthogonal independent downlink data

streams to the receiver devices 50 in a wireless communication system.

The device 10 in the example shown in Fig. 17 also comprises an input unit for receiving

channel quality values for different receive devices/users. A memory is further comprised in

the transmitter device 10, which may adapted to store general information, a multiplexing

matrix library, program instructions, etc. Further, the transmitter device 10 comprises an

output unit coupled to a transmit unit, TX, for transmission of said downlink signal 5 in the

wireless communication system.

Fig. 18 illustrates a corresponding transmission method of the above transmit device 10 . The

method comprises the steps of:

100) selecting a plurality of receiver devices 50 u = 1, 2, ... , U having different downlink

channel qualities;

110) determining for each user a code rate R , a modulation order m , and number of

Resource Elements, REs, G



120) obtaining a multiplexing matrix M based on the determined code rates u =i,2,...,u

modulation orders r = 2,...,u ar, number of REs G = 1 2 υ for said plurality of receiver

devices 50;

130) independently encoding for each receiver device 50 an information message

bu = b , ... , b K - 1)) so as to obtain an encoded message eu = (eu (0), ... , e E - 1));

140) multiplexing the encoded information messages e , ... , e u _ 1 into a label vector

1 = (Z(0), ... , l G — 1)) having m-bit labels based on said multiplexing matrix M ;

150) using each label of said label vector 1 = (Z(0), ... , l G — 1)) to select a modulation

symbol from a modulation constellation of order m so as to obtain a symbol vector x =

(x(0), ... ,x G — 1)) for said multiplexed encoded information messages e 0 , ... , e ; and

160) transmitting a downlink signal 5 comprising said symbol vector x = (x(0), ... , x G —

))

Furthermore, Fig. 19 illustrates a receiver device 50 according to an embodiment of the

present invention. The receiver device 50 comprises at least one processor 60 adapted to

receive a downlink signal 5 comprising a symbol vector x = (x(0), ... , x G — 1)) according to

the present transmitter device 10 by means of a receiver, RX, unit and an input unit which is

coupled to the processor 60. The processor 60 is further adapted to detect and de-multiplex

the downlink signal 5 using a multiplexing matrix M associated with the symbol vector

x = (x(0), ... , x G — 1)). Finally, the processor 60 decodes the detected and de-multiplexed

downlink signal 5 to obtain an estimate of an information message b = ( (0), ... , b K —

1)) associated with the receiver device 50. The receiver device 50 may further be adapted to

receive an indication or an index of the used multiplexing matrix M and the user index so as

to easily derive the multiplexing matrix M from the memory unit and to use it. The indication,

index, and user index may be received in a DL control signal via a common input unit or via a

dedicated input unit of the receiver device 50. The receiver device 50 may further according

to an embodiment be adapted for receiving downlink signals in a wireless communication

system.

Fig. 20 illustrates a corresponding receiving method to the above receiver device 50. The

method comprises the steps of:

200) receiving a downlink signal 5 comprising a symbol vector x = (x(0), ... , x G — 1))

according to the above described transmitting method;

2 10) detecting and de-multiplexing said downlink signal 5 using a multiplexing matrix M

associated with said symbol vector x = (x(0), ... ,x G — 1)); and



220) decoding said detected and de-multiplex downlink signal 5 so as to obtain an

estimate of an information message b = ( (0), b K —1)) associated with said

receiver device (50).

An exemplary scheme of the present RA-CEMA system in a LTE wireless communication

system 20 with two receiver devices 50, also sometimes called User Equipments (UEs), is

shown in Fig. 3 . A scheduler 11 receives DL CQIs for the two receiver devices 50 through a

reverse link (e.g., up-link) and selects receiver devices 50 having different channel qualities

for concurrent DL transmission. The channel qualities may e.g. be SINR, SNR, or any other

suitable channel measures, or other parameters based on such channel measures such as

CQI.

The selection of receiver devices 50 having different DL channel qualities may according to

another embodiment be performed with the use of one or more threshold values Th. It is

realised that the performance of the present RA-CEMA scheme is dependent on the

difference in experienced DL radio channel of the receiver devices 50. Therefore, the DL

channel qualities for different receiver devices can be compared to the threshold value(s) Th

so as to categorize them for selection of suitable sub-groups of receiver devices for DL

concurrent transmission. At least two receiver devices having different DL channel qualities

should be selected for one concurrent DL transmission with the present solution. The present

device and method may use one or more threshold values Th which e.g. may be values in

the interval of 1-15 dB or 3-15, e.g. 1, 3 , 6 , or 9 dB.

According to yet another embodiment the DL channel qualities or representation of the DL

channel qualities are transmitted from the receiver devices 50 to the transmitter device 10.

This is e.g. preferred when the system is operating in FDD mode in which the receiver

devices 50 measures the DL channel and send the estimates in the uplink of e.g. a control

channel. However, if the system is operating in TDD mode the same channel is used for UL

and DL traffic but at different time slots. In this case the transmitter device 10 can by itself

estimate the DL channel by measuring the corresponding UL channel. It should however be

noted that the receiver devices 50 may transmit estimated DL channel qualities also when

the system operates in the TDD mode.

In Fig. 3, a simplified exemplary scenario consisting of a near user (corresponding to a

receiver device 50) having a good CQI (i.e., high SNR or SINR) and a far user having a



worse CQI (i.e., low SNR or SINR) is considered. The near user corresponds to user index

u = 0 and the far user to user index u = 1 in this example.

The RA-CEMA scheduler 11 of Fig. 3 is also shown in Fig. 4 . The RA-CEMA scheduler 11

obtains the CQI related to all active receiver devices 50 through a reverse link and/or through

local link quality assessment (e.g., in case of TDD transmission) in this case. Similar as in,

for example the LTE system, the scheduler 11 decides how many REs will be allocated for

transmission in a dedicated transmission interval. In that respect, the only difference is that

two UEs (corresponding to the present receiver devices 50) will be served instead of one.

The scheduler block shown in Fig. 4 may operate their choices independently on a per-UE

basis or jointly on several UEs. In both cases, a set of parameters/values, G ,m ,R , will be

computed for each UE (each receiver device or each user). For each UE, a conventional

scheduler - similar to, for example, the scheduler of current LTE systems - is used to

compute the base modulation orders (m , m^, the rates (R , and the number of REs

( Q, ) that would be used in the case for orthogonal transmission. Based on this

information, the Modulation and Coding Scheme (MCS) optimizer block in Fig. 4 computes

the order m of the expanded constellation as

m = m + m 1 (1)

and the number of REs as

G = max(G0 , G^. (2)

The base code word sizes are obtained as

= Gm (3)

= G .

In order to offer increased flexibility, the actual code word sizes are allowed to have different

values from those specified in the expression in (3). To this purpose, we assume that the

near user is allowed to borrow ∆ coded bits from the far user. Conversely, the far user is

allowed to extend its code word length by borrowing some bits from the far user. In such

case, the value of ∆ is negative. As a result, the actual code word sizes are

where is a design parameter that depends on the CQI and target rates.



Once these parameters have been computed, a corresponding multiplexing (MUX) matrix Μ

is selected from a library of pre-designed (pre-computed) multiplexing matrices available at

the RA-CEMA transmitter 10 and receivers 50. Such matrix specifies how each of the coded

bits at the input of rate-adaptive code words multiplexer is assigned to a bit in the symbol

label of a modulation symbol. Through the choice of matrix h , the RA-CEMA scheduler

selects one out of multiple possible trade-offs between near-user rate and far-user rate, or

more generally for receiver experiencing different radio channels.

The message lengths Κ , Κ used for transmission are obtained as a result of the following

optimization (performed for a given matrix Μ in the library):

κ ο K i max (SEo + SE 5

where o (resp., SE ) is the spectral efficiency of the near (resp., far) user, computed as

SE = 1 - BLER )^, u {N, F}. (6)

and BLER is evaluated by simulation . Finally, the code rates are obtained as RQ = KQ/ E

and i = K / E .

Parameters RQ and R are used to configure the channel coding and rate matching units.

Together with parameters m and G, parameters R* and R are also used to select a

multiplexing matrix M that will be used by the rate-adaptive code-words multiplexer to

perform multiplexing of code words into vectors of symbol labels.

Information messages b = b , ... , b K — 1)) for the users are sent to the input of the

RA-CEMA transmitter and encoded which gives encoded information messages e , ... , e u _1 .

After the messages have been encoded and rate matching has been applied, the rate-

adaptive code-words multiplexer performs multiplexing of the code words into a label vector

1= (Z(0), ( - 1)) of symbol labels, where each label is represented by m bits, and

where G is the number of allocated REs for transmission . The multiplexer operates according

to the multiplexing matrix M that indicates to which bit of the G symbol labels each coded bit

shall be mapped .

In order to define the structure of the multiplexing matrix M, we assume that the rate-adaptive

code-words multiplexer operates as follows: first, each code word e is interleaved according



to an arbitrary user-specific permutation . As a result, a permuted code word f =

(e (7r (0)), ... ,e E - 1))) is obtained. All permuted code words are written row-wise

into a mx Gmatrix H according to a distribution d = (d (0) = 0, ..., d m = E coded bits

0(d0(r)) to f d r + 1) - 1) are written sequentially to row r of H starting from the leftmost

available position and proceeding from left to right until all bits have been written. (Here,r e

[0, ... ,m—1]). Then, coded bits ( ( )) to f^d r + 1) - 1) are written to row r of H

starting from the leftmost available position and proceeding from left to right until all bits have

been written. The procedure is iterated until coded bits - ι ( - ι ( )) o fu- du- + 1) _

1) have been written and row r has been completely filled. After all code words have been

written and the matrix H has been completely filled, each row is interleaved according to an

arbitrary row-specific permutation , r = 0, ... ,m— l . The matrix H is read column-wise

starting from the leftmost column, each column corresponding to a m-bit symbol label.

Distributions d are employed to indicate how to assign the coded bits of each code word to

the rows of the matrix. In particular, d r — d (r —1) bits from interleaved code word i are

assigned to row r of H. The elements of d shall satisfy the following constraints:

( ) = 0, d r ≥ d r - 1), d m) = E
(7)

∑u d r - d r - V, = G, r e [1 m] .

The described procedure is illustrated in Fig. 5 . As a result, the multiplexing procedure is

defined by a set of code word permutations , u= 0, U—1, a set of distribution vectors

d , u= 0, ... , U—1and a set of row permutations 0, ... . —1.

The whole multiplexing procedure can be alternatively specified using a single multiplexing

matrix M. Each element (M) of this matrix indicates the label and the bit position to which

each coded bit at the multiplexing input must be mapped, where i,j is a pair of indices, the

first of which indicates the user and the second indicates the coded bit to be written to label i

in bit position Based on the information provided through M, the rate-adaptive code-words

multiplexer can perform multiplexing and form the symbol labels in a single step.

Each multiplexing matrix M corresponds to different choices of parameters G, m,E , code

word permutations , row permutations ω and bit distributions d . A set of such matrices is

collected in a matrix library and made available to the code-words multiplexer for

transmission and reception according to an embodiment.



Transmission according to an embodiment comprises the following steps with reference to

the flow chart of Fig. 7 :

1. Receiving downlink CQI from all active receiver devices;

2 . Selecting, from the set of active receiver devices, a subset of U users having different

CQI values;

3 . Determining the order of the expanded constellation used by the modulator

(modulation orders), the number of resource elements to be used for transmission

and a set of coding rates as a trade-off among the rates for each receiver device;

4 . Selecting from a library of available multiplexing matrices the matrix corresponding to

the rates, the order of the modulation and to the number of resource

elements determined in step 3 above;

5 . Signalling the index of the selected multiplexing matrix to the selected U receiver

devices;

6 . For each receiver devices u

a . Selecting one information message b = ( (0), ... , b K - 1)); and

b. Independently encoding and rate-matching each information message b and

obtaining an encoded message eu = (e (0), ... , e E - 1));

7 . Multiplexing all the encoded messages e , ... , e u _1 for all the selected receiver

devices into a label vector 1 = (Z(0), ... , l G — 1)) of m-bit labels;

8 . Mapping the label vector to a vector of symbols drawn from the expanded

constellation, thus obtaining a symbol vector x = (x(0), ... , x G — 1)) of G complex

constellation symbols; and

9 . Transmitting the symbol vector x = (x(0), ... , x G — 1)) in G time-frequency-space

REs in the DL of the wireless communication system.

The described procedure is also illustrated in Fig. 6 where, for the case of U = 2 multiplexed

users, the sizes of vectors at all stages of the transmission procedure are specified.

Rectangles with solid borders indicate data whilst rectangles with dashed borders and round

corners indicate signal processing blocks in Fig. 6 .

Following the scheme of Fig. 3, each element according to a preferred embodiment of the

present (RA-CEMA) transmitter device 10 is described in detail in the following.



The "Channel coding and rate matching" block 12 of the transmitter device 10 receives a

message of information bits b = (b (0), ... , b (K — 1)) from user u and generates a vector

of coded bits eu = (e (0), ... , e (E - 1)) . The code rate is defined as

= - (8)

as computed by the scheduler.

Messages intended for different users are independently encoded . The RA-CEMA

transmitter does not impose constraints on the channel coding technique to be employed,

hence well-known techniques including but not limited to convolutional codes, parallel or

serial concatenations of convolutional codes (namely, turbo codes and Serially Concatenated

Convolutional Codes - SCCC), Low-Density Parity-Check (LDPC) codes or polar codes can

be used . As for rate matching, techniques like periodic puncturing or pseudo-random

puncturing can be used, as well as rate-matching techniques based on circular buffers like

those defined in the LTE standard can be employed.

After encoding and rate-matching, an encoded message eu = (e (0), ... , e (E - 1))

consisting of E coded bits is obtained for each user. As a result

coded bits are available at the input of the rate-adaptive code-words multiplexer 13 of

transmitter device 10 .

The rate-adaptive code-words multiplexer collects the code words e0, ... , e u _ and generates

a vector of symbol labels 1= (1(0), ... , l(G - 1)) . Each label consists of = log2 I fe I bits,

where χ ΕΧΡ indicates the expanded constellation. The total number of m-bit labels is

therefore

G = l ( 10)
m

where we assume that E is an integer multiple of m .

After G m-bit labels 1= (1(0), l(G - 1)) have been generated by the code-words

multiplexer 13, the modulator block 14 of the transmitter device 10 generates a sequence of



G complex modulation symbols x = (x(0), ... , x G — 1)) drawn from the expanded

constellation χ ΕΧΡ . Finally, the complex symbol vector x is transmitted by means of the

transmitter unit 15 of the transmitter device 10 using G REs in the communication system 20.

As described above, according to an embodiment the multiplexing matrix is selected from a

library 16, 54 of pre-designed matrices which is available at the transmitter device 10 and at

the receiver devices 50. Each matrix Μ corresponds to one out of multiple possible trade

offs between e.g. near-user rate and far-user rate. The matrix to be used for transmission is

selected by the transmitter device 10 as a function of the rates, of the expanded constellation

order m and of the number of REs G computed by the scheduler 11 of the transmitter device

10 as described above.

According to a further embodiment the transmitter device 10 signals an indication of the

selected multiplexing matrix to the receiver devices 50. The signalling may preferably

indicate a library index of the selected matrix which is signalled to the scheduled users

through e.g. a DL control channel. According to yet another embodiment the transmitter

device 50 is further arranged to signal to each of the receiver devices 50 their receiver device

indices u = 1, 2, ... , U . In fact, for detection and de-multiplexing according to this embodiment,

the receiver device should know both the multiplexing matrix M that has been used in DL

transmission and the receiver device index in order to be able to separate the coded bits of

each receiver.

The multiplexing matrices have rows and G columns. Each column corresponds to a m-bit

label. Each row corresponds to a bit in the m-bit label. The characteristics of the multiplexing

matrix M determine the performance of the present RA-CEMA system. To explain the

relationship between these characteristics and the performance of the RA-CEMA system, we

refer to a system with two users (the two receiving devices 50) as shown in Fig. 3 : a near

user whose receiver performs SIC, and a far user, whose receiver does not perform SIC

similar to the scheme shown in Fig. 1.

The improved SE for the near user is achieved thanks to the SIC algorithm. For the SIC to be

effective, the near and far signals must interfere. In fact, in absence of interference (i.e., near

and far user signals are orthogonal), cancellation is totally ineffective. We conclude that good

multiplexing schemes are those that generate as much interference as possible between the



near user and the far user. This can be achieved by maximizing the number of labels that are

shared among the users.

As an example, the multiplexing matrix in Fig. 8 corresponds to an orthogonal multiplexing:

the coded bits of user u = 0 and the coded bits of useru = 1 are mapped to different labels

(i.e., different columns), hence they are transmitted using independent modulation symbols.

No column of such matrix takes coded bits from both code words, therefore interference is

avoided. In this case, SIC is totally ineffective. For this reason, such kind of multiplexing

schemes are not used in embodiments of the present invention.

If, instead, the same two code words are mapped according to the multiplexing matrix of Fig.

9, we have interference between user u = 0 and user u = 1 signals. In this case, interference

is maximized, since all columns contain coded bits from both code words. In this case, SIC at

the near receiver yields improved performance, resulting in an increased SE.

As a remarkable characteristic of any modulation scheme, each bit in the label of its

constellation conveys a different amount of information. We consider, as an example, a

64QAM modulation with Gray binary labelling as defined in the LTE standard. The m-bit label

is shown in Fig. 10. When a sequence of 64QAM symbols is transmitted on the Additive

White Gaussian Noise (AWGN) channel, each of the six bits conveys a different amount of

information, which is a function of the signal-to-noise ratio i¾/ 0 . Fig. 11 shows the amount

of information conveyed by each of the six bits of 64QAM. A higher amount of information

results in a better protection against errors, hence we call these bits highly protected (H).

Similarly, mid-protected (M) bits exhibit an intermediate level of error protection, while the

bits with a lower amount of conveyed information are called less protected (L) bits.

The AW-NOMA scheme features a degree of freedom corresponding to the near-user weight

a . Optimizing the value of a , it is possible to flexibly trade-off near-user rate and far-user rate.

The RA-CEMA does not feature a similar degree of freedom. However, assuming that a

modulation with different error protection levels is available, the coded bits can be flexibly

assigned to different protection levels. The result in performance is similar to changing the

value of a . For example, mapping the far-user code word to highly protected bits yields a

higher SE for the far user. Weaker bits will be assigned to the near user code word, yielding

a lower SE for the near user. Changing the assignment of coded bits to label bits with

different error protection levels allows us to trade-off near-user SE and far-user SE. In AW-



NOMA, the same trade-off is achieved by changing the value of a .

The example RA-CEMA system of Fig. 3 comprises the transmitter 10 and the two receivers

50: a near receiver having by a good CQI (i .e., high SNR) and a far receiver having a worse

CQI (i.e., low SNR). The higher SNR experienced by the near receiver allows performing SIC

in the near receiver as shown in Fig. 12 .

The RA-CEMA detector 51 of the receiver device 50 in Fig. 12 computes soft information of

the symbols of the expanded constellation. Such soft information is, for example, a log-

likelihood ratio (LLR)

n k = k = G n = - 1 ( 1 1)

where x k is the symbol transmitted at time k by the RA-CEMA transmitter, sn e χ is a

symbol of the expanded constellation and yN ( ) is the complex sample received by the near

(N) user at time k . Alternatively, soft information can be represented by logarithms of

probability values, likelihood ratios or probability values.

After computing ( ) , the RA-CEMA detector 5 1 computes the binary LLRs of coded bits

e i = ( (0) ( - as

, , P i ( ) = i |y j fc -
λ W = g M MY' =

and sends these to the "message 1" decoder 52 of the receiver device 50 shown in Fig. 12 .

The message 1 decoder applies code constraints and computes updated soft LLRs µ ( ) of

coded bits These updated LLRs are sent back to the RA-CEMA detector 5 1 and are used

to improve the soft information n k of the transmitted symbols.

The RA-CEMA detector 5 1 computes the binary soft values related to coded bits e0 =

(e0(0), ... , e E - 1)) of message 0 as

W = log — i = , ... , E - l ( 13)
P(e0( = \y N k )

and sends these to the "message 0" decoder 53 of the receiver device 50 shown in Fig. 12 .

The "message 0" decoder applies code constraints and computes an estimate of information

bits b 0 = ( 0(0) b K - l .



At the far receiver, the RA-CEMA detector 51 computes soft information on the transmitted

symbols n k as in ( 1 1) with yN ( ) replaced by y k then, binary soft values related to

coded bits e = (e (0), ... , e1 E1 - 1)) are computed as in equation ( 12) with yN ( ) replaced

by yF ( ) . Finally, the message 1 decoder applies the code constraints and computes an

estimate of information bits = ( (0), ... , ( - 1)) .

A system consisting of a RA-CEMA transmitter 10 and two receivers 50 as shown in Fig. 3

has been considered for performance evaluation of embodiments of the present invention.

The far user (u = 1) is having ES F / N = 6 dB and the near user (u = 0) has ES N / N = 12 dB.

Channel coding and rate matching are performed according to the LTE standard for turbo

coding. Each block consists of G = 240 modulation symbols that are transmitted in as many

REs using 64QAM.

The multiplexing matrix library consists of the nine matrices shown in Fig. 13, where it is

assumed that the constellation's labels are ordered as follows: the first two rows of each

matrix correspond to the two highly protected bits of 64QAM; the following two rows

correspond to the two mid-protected bits and the last two rows correspond to less-protected

bits.

For compactness reasons, in Fig. 13 multiplexing matrices have been specified using a

simplified notation with respect to the notation previously used in Fig. 8 and in Fig. 9 : here,

the generic element of each matrix indicates the near user or the far user (u e {N, F}) to

which the assigned coded bit belongs. Code words are written column-wise following the

scheme represented by the selected multiplexing matrix.

Storing the multiplexing matrix library 16 , 54 at the transmitter and at the receivers may

require a large amount of memory. A more compact representation is given hereinafter which

reduces the memory needed. We introduce matrix templates and asset of parameters that

permits storage of the library in a more limited space. The library of Fig. 13 can be

compressed into two template matrices and a small table of parameters.

We define a pair of template matrices T having size m x G, where m = m -\ η υ and

G = ax i , and two such matrices are shown in Fig. 14 . Each matrix has m = mN +

mF rows and G = ax GN, GF columns in this "near and far" case. In the first G ' columns,

both coded bits of the far and near user are multiplexed, while in the remaining columns only



coded bits from the far user or near user are assigned. Each matrix in the library can be

generated starting from one of the templates using parameters: G, G',m F ,m N , where G' is a

design parameter which can be obtained through computer based simulations. The design

parameter has a value in the range from 1 to G. Table 1 shows the parameter values that

compactly represent the whole library of Fig. 13.

Table 1: Multiplexing matrix library

Fig. 15 shows the achieved spectral efficiencies of this solution. Each point in Fig. 15

represents a pair of SE values that can be simultaneously achieved by both users. The point

(5 0 , 0) on the x-axis corresponds to the spectral efficiency achievable when transmitting

message 0 to user u = 0 and no message to user u = 1. Similarly, point (0, on the y-axis

corresponds to the spectral efficiency achievable when transmitting message 1 to user u = 1

and no messages to useru = 0 . The line labelled Orthogonal MA" joins these two points and

corresponds to the spectral efficiency pairs SQ.S that can e achieved using orthogonal

MA schemes (e.g., Time-Division Multiple Access - TDMA).

The curve labelled "Superposition bound" corresponds to the pairs of SE that can be

achieved by an ideal transmission scheme that achieves SE pairs (5 0 , 0) and (0, ) . In this

context, "ideal transmission scheme" refers to a scheme using Gaussian signalling, infinite

code word lengths and performing perfect far-user signal cancellation at the near user's

receiver. The curve has been obtained as follows:

Compute the SNR p corresponding to AWGN channel capacity (p0) = 50;

Compute the SNR p corresponding to AWGN channel capacity p = S

- The points (x,y) on the "Superposition bound" curve is obtained as



= ( o)

V pp ++ l1 J

and C(z) = log2 ( l + z) is the capacity of the AWGN channel with SNR equal to z .

Points labelled "RA-CEMA" are the SE pairs achieved using the method herein disclosed

with the matrix library of Fig. 12. These points correspond to SE pairs above the Orthogonal

MA" line, therefore they cannot be achieved using orthogonal MA schemes.

The performance of RA-CEMA has been compared with AW-NOMA in terms of achievable

rate pairs. Here, the far user (u = 1) is has E S / N = 6 dB and the near user (u = 0)

has E S N / N = 1 2 dB. Channel coding and rate matching are performed according to the LTE

standard for turbo coding. Each block consists of G = 240 modulation symbols that are

transmitted in as many REs. A rate pair is considered achievable if both users experience a

block error rate below a given threshold: BLER ≤ 10 1.

The considered modulation and coding schemes (MCS) are shown in Table 2 . These

schemes are a subset of those defined in the LTE standard. For each MCS, the BLER vs.

Es / N characteristic has been evaluated through Monte Carlo simulation and the minimum

value of E s / N needed to achieve BLER ≤ 10 1 has been recorded (see "Es/ V0 min." columns

in Table 2).

Table 2 : Modulation and coding schemes



8 QPSK 208 0.866667 0.7 25 16QAM 480 2 6.6

9 QPSK 224 0.933333 1. 1 26 16QAM 512 2.133333 7.1

10 QPSK 240 1 1.5 27 16QAM 544 2.266667 7.7

11 QPSK 256 1.066667 2 28 16QAM 576 2.4 8.2

12 QPSK 272 1.133333 2.3 29 16QAM 608 2.533333 8.8

13 QPSK 288 1.2 2.8 30 16QAM 640 2.666667 9.3

14 QPSK 304 1.266667 3.2 3 1 16QAM 672 2.8 9.8

15 QPSK 320 1.333333 3.6 32 16QAM 704 2.933333 10.3

16 QPSK 336 1.4 4 33 16QAM 736 3.066667 10.8

17 QPSK 352 1.466667 4.4 34 16QAM 768 3.2 11.3

The achievable AW-NOMA rate pairs have been found using the following approach, as

proposed in conventional solutions:

1. Define a quality constraint to be satisfied for a set of rates to be considered

achievable. As an example, we choose BLER ≤ 10 1 .

2 . For each MCS le[l, ...,34], determine the minimum SNR p(Z) needed to satisfy the

quality constraint in a single-user transmission.

3 . For each MCS Z [l , ...,34]

a . For the near user, set MCS I

b. Set = ρ / Ε
5 Ν / Ν

c . For the far user, choose the highest-rate MCS among those that satisfy the

quality constraint with p(Z) < (1 - a ES / N

d . Calculate the BLER

i . If the rate pair is achievable at both the users, increment I and go back

to step 3 .a .

ii. If the rate pair is achievable at the far user, but not at the near user,

increase a of ∆ dB and go back to step 3.d.

iii. If the rate pair is achievable at the near user, but not at the far user,

choose a MCS with lower rate for the far user and go back to step 3.d.

iv. If the rate pair is unachievable at both the users, choose a MCS with

lower rate for the far user, increase a of dB and go back to step 3.d.

The step value ∆ used to increase a must be carefully chosen relative to the characteristics

of the MCS set. In particular, ∆ should be smaller than the distance in dB between the

BLER characteristics of two consecutive MCS. From Table 2 , we see that the smallest



distance is 0.2 dB (between MCS 20 and MCS 21, and between MCS 24 and MCS 25),

therefore we use ∆ „ = O.ldB.

Concerning the present solution (RA-CEMA) the described procedure cannot be applied

because parameter a is not available. Therefore, in order to perform comparisons with AW-

NOMA, we perform by simulation the following optimization :

RN* RF* - R + R F ( 15)

where is the t-th multiplexing matrix, while R N (resp. R F ) is the MCS rate of the near (resp.

far) user. Results for the above are shown in Fig. 16 . We notice that RA-CEMA approaches

the same rates of AW-NOMA and, in some cases, exhibits better performance.

Furthermore, as described above the present invention also relates to corresponding

methods in a transmitter and receiver. Any method according to the present invention may

be implemented in a computer program, having code means, which when run by processing

means causes the processing means to execute the steps of the method. The computer

program is included in a computer readable medium of a computer program product. The

computer readable medium may comprises of essentially any memory, such as a ROM

(Read-Only Memory), a PROM (Programmable Read-Only Memory), an EPROM (Erasable

PROM), a Flash memory, an EEPROM (Electrically Erasable PROM), or a hard disk drive.

Moreover, it is realized by the skilled person that the present transmitter device 10 and

receiver device 50 each comprises the necessary communication capabilities in the form of

e.g., functions, means, units, elements, etc., for executing the present method. Examples of

other such means, units, elements and functions are: processors, memory, encoders,

decoders, mapping units, multipliers, interleavers, de-interleavers, modulators,

demodulators, inputs, outputs, antennas, amplifiers, RX unit, TX unit, DSPs, MSDs, TCM

encoder, TCM decoder, interfaces, communication protocols, etc. which are suitably

arranged together. Examples of transmitter devices are base stations, remote radio heads,

relay devices, access points or any other network control nodes having the corresponding

capabilities. Further, receiver devices are any communication devices adapted to receive DL

signals in a wireless communication system and may e.g. be a UE in an LTE system. The

present solution is also easily combined with other transmission techniques of conventional

solution such as Multiple Input Multiple Output (MI MO) and Orthogonal Frequency Division

Multiplexing (OFDM).



Especially, the processors of the present user device or access node device may comprise,

e.g., one or more instances of a Central Processing Unit (CPU), a processing unit, a

processing circuit, a processor, an Application Specific Integrated Circuit (ASIC), a

microprocessor, or other processing logic that may interpret and execute instructions. The

expression "processor" may thus represent a processing circuitry comprising a plurality of

processing circuits, such as, e.g., any, some or all of the ones mentioned above. The

processing circuitry may further perform data processing functions for inputting, outputting,

and processing of data comprising data buffering and device control functions, such as call

processing control, user interface control, or the like.

Finally, it should be understood that the present invention is not limited to the embodiments

described above, but also relates to and incorporates all embodiments within the scope of

the appended independent claims.



CLAIMS

1. Transmitter device ( 10) adapted to:

select a plurality of receiver devices (50) = 1, 2, ... , U having different downlink

channel qualities;

determine for each user a code rate R , a modulation order m , and number of

Resource Elements, REs, G

obtain a multiplexing matrix M based on the determined code rates =i ,2, ...,

modulation orders r = 2,...,u ar, number of REs G = 1 2 υ for said plurality of receiver

devices (50);

independently encode for each receiver device (50) an information message b =

, ... , b K - 1)) so as to obtain an encoded message e = (e (0), ... , e E - 1));

multiplex the encoded information messages e0, ... , e u _ into a label vector 1=

(Z(0), ... , l G — 1)) having m-bit labels based on said multiplexing matrix M ;

using each label of said label vector 1= (Z(0), l G — 1)) to select a modulation

symbol from a modulation constellation of order m so as to obtain a symbol vector x =

( (0), ... ,x G — 1)) for said multiplexed encoded information messages e0, ... ,e u _1 and

transmit a downlink signal 5 comprising said symbol vector x = ( (0), ... , x G — 1)) .

2 . Transmitter device ( 10) according to claim 1, further adapted to:

receive the downlink channel qualities from said plurality of receiver devices (50);

and/or

estimate the downlink channel qualities by measuring corresponding uplink channels

for said plurality of receiver devices (50).

3 . Transmitter device ( 10) according to claim 2 , wherein the downlink channel qualities

are based on Signal-to-Noise Ratio, SNR, or Signal-to-l nterference and Noise Ratio, S INR,

estimations.

4 . Transmitter device ( 10) according to any of the preceding claims, further adapted to

obtain said multiplexing matrix M from a pre-computed library ( 16) comprising a plurality of

multiplexing matrices Μ or representations thereof.

5 . Transmitter device ( 10) according to claim 4 , wherein said pre-computed library ( 16)

comprises a plurality of template matrices having size x G, where m = m 1 + m 2 -\



mu and G = max^, and said transmitter device ( 10) further being adapted to obtain

said multiplexing matrix M by using said plurality of template matrices and a design

parameter G' having a value in the range from 1 to G and obtained through a simulation

based optimization procedure.

6 . Transmitter device ( 10) according to claim 4 or 5 , further adapted to signal an

indication of said multiplexing matrix M to said plurality of receiver devices (50).

7 . Transmitter device ( 10) according to claim 5, wherein said indication is an index in said

pre-computed library ( 16) for said multiplexing matrix M, and further being adapted to signal

to each of said plurality of receiver devices (50) their respective associated receiver device

index u = 1, 2, ... , U.

8 . Transmitter device ( 10) according to any of the preceding claims, wherein at least two

column elements of at least one column of said multiplexing matrix M are associated with

different receiver devices (50) u = 1, 2, ... , U.

9 . Transmitter device ( 10) according to any of the preceding claims, wherein said

multiplexing matrix M has size m x G, where m = m + m2 -\ - mu and G =

max G ... , Gu) .

10 . Transmitter device ( 10) according to claim 9 , further adapted to transmit said downlink

signal 5 with G number of time-frequency REs.

11. Receiver device (50) adapted to:

receive a downlink signal 5 comprising a symbol vector x = (x(0), ... ,x G —1))

according to any of the preceding claims;

detect and de-multiplex said downlink signal 5 using a multiplexing matrix M associated

with said symbol vector x = (x(0), ... ,x G —1)); and

decode said detected and de-multiplex downlink signal 5 so as to obtain an estimate of

an information message b = b , ... , b K —1)) associated with said receiver device

(50).



12 . Receiver device (50) according to claim 11, further adapted to obtain said multiplexing

matrix M from a pre-computed library (54) comprising a plurality of multiplexing matrices Μ

or representations thereof.

13 . Receiver device (50) according to claim 12 , wherein said pre-computed library (54)

comprises a plurality of template matrices having size m G, where m = m + m2 + ... +

m u and G = ax G Gu , and said receiver device (50) further being adapted to obtain

said multiplexing matrix M by using said plurality of template matrices and a design

parameter G' having a value in the range from 1 to G.

14 . Receiver device (50) according to claim 12 or 13 , further adapted to receive a signal

comprising an indication of said multiplexing matrix M and a receiver device (50) index

u = 1, 2, ... , U for said receiver device (50).

15 . Transmission method comprising the steps of:

selecting ( 100) a plurality of receiver devices (50) u = l , 2, ... , U having different

downlink channel qualities;

determining ( 1 10 ) for each user a code rate R , a modulation order m , and number of

Resource Elements, REs, G

obtaining ( 120) a multiplexing matrix M based on the determined code rates Ru =i,2,...,u

modulation orders mu =i,2,...,u nd number of REs =i,2,...,u f said plurality of receiver

devices (50);

independently encoding ( 130) for each receiver device (50) an information message

b = ( (0), ... , b K - 1)) so as to obtain an encoded message e = (e (0), ... , e E - 1));

multiplexing ( 140) the encoded information messages e , ..., into a label vector

1= (Z(0), ... , l G —1)) having m-bit labels based on said multiplexing matrix M;

using ( 150) each label of said label vector 1= (Z(0), ... , l G —1)) to select a modulation

symbol from a modulation constellation of order m so as to obtain a symbol vector x =

(x(0), ... , x G —1)) for said multiplexed encoded information messages e , ... , e u _1 and

transmitting ( 160) a downlink signal 5 comprising said symbol vector

x = ( (0) (G - l)).

16 . Receiving method comprising the steps of:

receiving (200) a downlink signal 5 comprising a symbol vector x = (x(0), ... , x G —1))



detecting and de-multiplexing (21 0) said downlink signal 5 using a multiplexing matrix

M associated with said symbol vector x = (x(0), ... , x G — 1)); and

decoding (220) said detected and de-multiplex downlink signal 5 so as to obtain an

estimate of an information message b = ( (0), b K — 1)) associated with said

receiver device (50).

17 . A computer program with a program code for performing the method according to claim

15 or 16 , when the computer program runs on a computer.
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