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INTERFERENCE SUPRESSION
IN A RADIO TRANSCEIVER DEVICE

TECHNICAL FIELD

Embodiments presented herein relate to interference suppression, and
particularly to a method, a control device, a computer program, and a
computer program product for suppressing interference in a received

reception signal in a radio transceiver device.

BACKGROUND

In communications networks, there may be a challenge to obtain good
performance and capacity for a given communications protocol, its
parameters and the physical environment in which the communications

network is deployed.

For example, radio link systems in some communications networks are
designed as Frequency Division Duplex (FDD) systems. In FDD systems the
transmitted carrier frequency differs from the received carrier frequency. The
transmitted signal is commonly at a much higher power level than the
received signal. Hence, the receiver of a radio transceiver device operating in
a FDD system would saturate if the transmitted signal of the radio transceiver

device would leak into its receiver.

A diplexer filter (also known as a branching filter) is commonly used to
prevent the transmitted signal from leaking with high power into the receiver.
Such a diplexer is relatively expensive to manufacture, and constitutes a quite
space-consuming component. Furthermore, FDD systems used for providing
microwave links are manufactured and sold for many different frequency
bands, and it is therefore necessary to have at least one specific diplexer per
frequency band, due to the frequency dependency of components. Hence, the
diplexer is commonly designed in several variants (many per frequency band)

leading to high cost due to the diplexer as such and the variant penalty cost.
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There is thus a need for a less complicated mechanism for preventing the

transmitted signal of the radio transceiver device to leak into its receiver.

SUMMARY

An object of embodiments herein is to provide efficient mechanisms for
suppressing interference in a received reception signal in a radio transceiver

device.

According to a first aspect there is presented a method performed by a
control device for suppressing interference in a received reception signal in a
radio transceiver device. The radio transceiver device is configured to receive
the reception signal as a radio reception signal and to generate a radio
transmission signal. The radio transmission signal and the radio reception
signal occupy at least partly non-overlapping frequency bands. The method
comprises obtaining a transmission reference signal based on the radio
transmission signal. The method comprises estimating an interference
distortion component signal based on the transmission reference signal and
on a model of nonlinearity in a radio circuit of the radio transceiver device.
The method comprises suppressing interference in the reception signal by

combining the reception signal with the distortion component signal.

Advantageously this method provides efficient suppression of interference in
a received reception signal in a radio transceiver device. In particular,
interference arising from cross-modulation between transmitted and received

signals, due to the non-linearity in the radio circuit, is suppressed.

Advantageously this method provides a simple mechanism for preventing, or
at least countering/alleviating, leakage of the transmitted signal of the radio

transceiver device into its receiver.

Advantageously this method reduces the total cost of the radio transceiver

device.

Advantageously this method requires only a few frequency indexes to be

stored in the radio transceiver device which, in turn, gives low production
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cost and less warehousing comparted to a radio transceiver device using a

diplexer.

According to a second aspect there is presented a control device for
suppressing interference in a received reception signal in a radio transceiver
device. The radio transceiver device is configured to receive the reception
signal as a radio reception signal and to generate a radio transmission signal.
The radio transmission signal and the radio reception signal occupy at least
partly non-overlapping frequency bands. The control device comprises
processing circuitry. The processing circuitry is configured to cause the
control device to obtain a transmission reference signal based on the radio
transmission signal. The processing circuitry is configured to cause the
control device to estimate an interference distortion component signal based
on the transmission reference signal and on a model of nonlinearity in a radio
circuit of the radio transceiver device. The processing circuitry is configured
to cause the control device to suppress interference in the reception signal by

combining the reception signal with the distortion component signal.

According to a third aspect there is presented a control device for suppressing
interference in a received reception signal in a radio transceiver device. The
radio transceiver device is configured to receive the reception signal as a
radio reception signal and to generate a radio transmission signal. The radio
transmission signal and the radio reception signal occupy at least partly non-
overlapping frequency bands. The control device comprises processing
circuitry and a computer program product. The computer program product
stores instructions that, when executed by the processing circuitry, causes the
control device to perform steps, or operations. The steps, or operations, cause
the control device to obtain a transmission reference signal based on the
radio transmission signal. The steps, or operations, cause the control device
to estimate an interference distortion component signal based on the
transmission reference signal and on a model of nonlinearity in a radio
circuit of the radio transceiver device. The steps, or operations, cause the
control device to suppress interference in the reception signal by combining

the reception signal with the distortion component signal.
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According to a fourth aspect there is presented a control device for
suppressing interference in a received reception signal in a radio transceiver
device. The radio transceiver device is configured to receive the reception
signal as a radio reception signal and to generate a radio transmission signal.
The radio transmission signal and the radio reception signal occupy at least
partly non-overlapping frequency bands. The control device comprises an
obtain module configured to obtain a transmission reference signal based on
the radio transmission signal. The control device comprises an estimate
module configured to estimate an interference distortion component signal
based on the transmission reference signal and on a model of nonlinearity in
a radio circuit of the radio transceiver device. The control device comprises a
suppress module configured to suppress interference in the reception signal

by combining the reception signal with the distortion component signal.

According to a fifth aspect there is presented a computer program for
suppressing interference in a received reception signal in a radio transceiver
device, the computer program comprising computer program code which,
when run on a control device, causes the control device to perform a method

according to the first aspect.

According to a sixth aspect there is presented a computer program product
comprising a computer program according to the fifth aspect and a computer

readable storage medium on which the computer program is stored.

According to a seventh aspect there is presented a radio transceiver device
100 configured to receive the reception signal as a radio reception signal and
to generate a radio transmission signal. The radio transmission signal and the
radio reception signal occupy at least partly non-overlapping frequency
bands. The radio transceiver device comprises a control device for
suppressing interference in a received reception signal in the radio
transceiver device according to any of the second aspect, the third aspect, or

the fourth aspect.
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It is to be noted that any feature of the first, second, third, fourth, fifth, sixth
and seventh aspects may be applied to any other aspect, wherever
appropriate. Likewise, any advantage of the first aspect may equally apply to
the second, third, fourth, fifth, sixth, and/or seventh aspect, respectively, and
vice versa. Other objectives, features and advantages of the enclosed
embodiments will be apparent from the following detailed disclosure, from

the attached dependent claims as well as from the drawings.

Generally, all terms used in the claims are to be interpreted according to their
ordinary meaning in the technical field, unless explicitly defined otherwise
herein. All references to "a/an/the element, apparatus, component, means,
step, etc.” are to be interpreted openly as referring to at least one instance of
the element, apparatus, component, means, step, etc., unless explicitly stated
otherwise. The steps of any method disclosed herein do not have to be

performed in the exact order disclosed, unless explicitly stated.

BRIEF DESCRIPTION OF THE DRAWINGS

The inventive concept is now described, by way of example, with reference to

the accompanying drawings, in which:

Figs. 1, 2, 3 are schematic diagrams illustrating radio transceiver devices and

parts thereof according to embodiments;

Figs. 4, 5, 6, 7, and 8 schematically illustrate signal spectrums according to

embodiments;
Figs. 9 and 10 are flowcharts of methods according to embodiments;

Fig. 11 is a schematic diagram showing functional units of a control device

according to an embodiment;

Fig. 12 is a schematic diagram showing functional modules of a control device

according to an embodiment;

Fig. 13 shows one example of a computer program product comprising

computer readable storage medium according to an embodiment.
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DETAILED DESCRIPTION

The inventive concept will now be described more fully hereinafter with
reference to the accompanying drawings, in which certain embodiments of
the inventive concept are shown. This inventive concept may, however, be
embodied in many different forms and should not be construed as limited to
the embodiments set forth herein; rather, these embodiments are provided
by way of example so that this disclosure will be thorough and complete, and
will fully convey the scope of the inventive concept to those skilled in the art.
Like numbers refer to like elements throughout the description. Any step or

feature illustrated by dashed lines should be regarded as optional.

As noted above, a diplexer filter is commonly used to prevent signals
transmitted by a radio transceiver device from leaking into the receiver of the
radio transceiver device. Disadvantages of such a diplexer have also been

noted above.

The herein disclosed embodiments provide mechanisms that reduce cross
modulation effects when the diplexer is replaced by a component that have
lower isolation between transmitter and receiver, for example, by a notch

filter.

Replacing the diplexer with a notch filter still leads to some power reduction
of the transmitted signal into the receiver. However, the transmitted signal
power suppression using a notch filter is lower compared to what is achieved
using a diplexer. In general terms, the transmitted signal leaking into the
receiver will experience nonlinear distortion in elements like the Low Noise
Amplifier (LNA). A side effect of this is cross modulation nonlinear
distortion, i.e. that the transmitted signal mixes with the received signal in
the nonlinear elements in the receiver of the radio transceiver device. This
way, components of the transmitted signal are translated in frequency and
end up in the receive band of a FDD based communication system. Such
components can then not be suppressed by simple filtering, since such

filtering would also suppress the received desired signal. This is a problem
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which, if left unaddressed, will lead to performance degradation of the

communication system.

The embodiments disclosed herein in particular relate to mechanisms for
suppressing interference in a received reception signal in a radio transceiver
device. In order to obtain such mechanisms there is provided a control
device, a method performed by the control device, a computer program
product comprising code, for example in the form of a computer program,
that when run on a control device, causes the control device to perform the

method.

Fig. 11is a schematic diagram illustrating a radio transceiver device 100
according to an embodiment. The radio transceiver device 100 comprises a
baseband part 110 and a radio frequency part 120. The baseband part 110
comprises baseband circuitry and is configured for processing of
transmission signals and reception signals at baseband, or potentially at an
intermediate frequency. The radio frequency part 120 comprises radio
circuitry and is configured for processing of transmission signals and
reception signals at radio frequency. The baseband part 110 comprises a
control device 300. A description of the functionality of the control device

300 will be provided below with reference to Figs. 9 and 10.

According to aspects of the disclosed radio transceiver device 100 for use in a
microwave radio link, radio frequency is often in the order to several tens of
GHz, intermediate frequency is in the MHz range, while baseband is a

frequency band comprising and often centred around zero frequency.

Fig. 2 is a schematic diagram illustrating details of the radio frequency part

120 of the radio transceiver device 100 according to an embodiment.

The radio frequency part 120 is configured to generate (by up converting a
transmission signal Stx by multiplication with e/2mIxt) and to transmit a radio
transmission signal Stx-rr to a remote transceiver and to receive a radio

reception signal Stot.rr from the remote transceiver.

PCT/EP2016/057404
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The radio transmission signal Stx-rr leaks into the radio reception signal Stot-
rr, here modelled by h. According to an embodiment the model h is a linear
model, e.g. a tapped delay-line model. The model h(St«-rr) could be based on
band-stop filtering of the radio transmission signal Stx-rr. In this way the
leakage of the radio transmission signal St«-rr into the radio reception signal
Stot-rr could be modelled as being caused by a notch filter replacing the
diplexer. For example, according to aspects h is a linear filter. The total
received radio reception signal Stotrr is therefore the sum of a desired radio
reception signal Srx-rr and a filtered version of the radio transmission signal
Stx-rr. The reception signal Stowrr thus comprises the desired radio reception
signal Srx.rr and an internal leakage contribution, as modelled by the model

h(Stx-rr), of the radio transmission signal Stx-rr.

The total received signal may also comprise one or more adjacent interferer
signals. Hence, according to an embodiment the reception signal Stot-rr
further comprises an external leakage contribution Sagj-rr of another radio
reception signal. According to some aspects this so-called another radio
reception signal defines an adjacent interferer signal. However, according to
other aspects this so-called another radio reception signal could be any
modulated signal. The desired radio reception signal Srxrr and this another
radio reception signal can be located on neighbouring carrier frequencies, or
be separated by at least one channel (where each channel could be defined by

its own carrier frequency).

The relative difference in power between the transmitted signal and the
desired reception signal, i.e., between Stxrr and Srx-rr is often large, i.e. Prx-
rr>>Pryrr and Prx-rr>>Pagj-rr , where Pryrr denotes the power of Stx-rr,
where Pr«rr denotes the power of Srx-rr, and where Pagjrr denotes the power
of Sagj-rr. According to an embodiment the radio transmission signal Stx-rr is
more than one order of magnitude larger in power than the radio reception

signal Stot-rF-

An example of a resulting signal spectrum 400 of the desired radio reception

signal Srx.rr and the external leakage contribution Sagj-rr of another radio
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reception signal is illustrated in Fig. 4. In Fig. 4 the left-most peak 400a is
caused by Srx-rr and the right-most peak 400b is caused by Sadj-rr. As a
comparison, an example of a resulting signal spectrum 500 of the total
received radio reception signal Stot-rr (i.€., also including the radio
transmission signal St«-rr) is illustrated in Fig. 5. In Fig. 5 the left-most peak
500a is caused by Srx-rr, the middle-most peak 500b is caused by Sagj-rr, and

the right-most peak 500c is caused by Stx-rr.

The total received radio reception signal Stow.rr is distorted by a function
denoted f, before down conversion (by multiplication with e2tRst). According
to aspects the function fis nonlinear and modelled as memoryless. For
example, the nonlinear function f can be modelled by a third order

memoryless nonlinearity and hence be written as follows:
S A)=x+ A" (1)

In Equation (1), the symbol x denotes input to the nonlinear function (here
defined by the total received radio reception signal Stow.rr), and A is a
parameter of function f, i.e., A parameterizes f. It can be assumed that
|A|<<1. In general terms, LNAs in a radio receiver are typically of class A type
(i.e., so-called class A amplifiers). Normally a third order intermodulation is
dominating over all other intermodulation products. The same is true for
other non-linear elements like mixers. A more general form of memoryless

non-linearity than expressed in Equation (1) is therefore:
N n

FxA)=x+Y Ax}".
n=l

This general form is hereinafter approximated by Equation (1). Equation (1)
is thus an approximation of the true distortion. Equations (2), (3), (4), (8),

and (9) below are based on this approximation.

The resulting total received radio reception signal f{Sto-rr) after having been

subjected to the nonlinearity fis modelled as follows:
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S(Srores A =h®Sp o +Sp gp +Sgrr T

2 (2)

A(h@sTHF + S g g +SAdj—RF1h @ Sr re + Spe e +8 445 rr

In Equation (2) the symbol ® denotes convolution. In Equation (2) any

receiver noise has been assumed to be insignificant.

Fig. 6 schematically illustrates the resulting signal spectrum 600 where the
non-linear function f1is set to f{Stot-rr; A) defined in Equation (2), and the
filter h is determined as h=1. Peaks 600a and 600b are caused by Srx-rrand
Sagj-rF, respectively, and peak 600c is caused by St«-rr. All different signal
spectrums contain distortion shown as side lobes to the original spectra. The
distortion of Srxrr and Sagj-rr is due to the cross modulation from Stxrr (as

seen in Equation (2) and (3).

As a comparison Fig. 7 schematically illustrates the resulting signal spectrum
700 where a notch filter has been used as filter h. Peaks 700a and 700b are
caused by Srx-rrand Sagj-rr, respectively, and peak 700c is caused by Stx-rr.
The distortion of Srx-rr and Sagj-rr is reduced significantly (side lobes are now
reduced). However, the distortion due to cross modulation is still considered

far too high to meet requirements on received signal quality.

Further, a linear filter a, illustrated in Fig. 2, is configured to remove all
signals not centered around Srx (and Sagj, where Sagq; is a baseband version of
Sagi-rr) and thus to remove up and down converted versions of the radio
transmission signal St«-rr. Thus, after application of the linear filter a the
radio transmission signal Stx.rr and non-relevant signals are heavily
suppressed and thus in principle removed. Thus all the peaks centered
around -0.3-109 Hz and 0.6-109 Hz together with the transmission signal
close to 0.3-109 Hz in Fig. 7 can be removed by filtering. But note that the
cross modulation of Stxrr and Sagj-rr still leaks into the desired reception
signal Srx. The remaining reception signal Stot can thus be expressed as

follows:
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Sy =S + 248 [h® Sy e + S ynw + 248 [ ® Sy |- (3)

One general task and purpose of the receiver is to derive information in Srx
from the observed reception signal Stt, i.e. to remove unwanted distortion

and the adjacent channel (Sagj).

Fig. 3 is a schematic diagram illustrating details of the baseband part 110 of

the radio transceiver device 100 according to an embodiment.

The transmission signal Stx is generated by a mapper (denoted Map in Fig. 3)
mapping symbols of a digital input signal Di, to a signal constellation point
and filtering the thus generated sequence of constellation points by a
transmitter filter pr«. The transmission signal Stx will below be denoted a

transmission reference signal.

The reception signal Sto: is processed by a control device 300 to provide a
compensated reception signal Scomp. Further details of the control device 300
and how the compensated reception signal Scomp is determined will be

disclosed below.

The compensated reception signal Scomp is filtered by a receiver filter prx,
resulting in a filtered receiver signal Sz, and fed to a detector, denoted Dec,
resulting in a detected receiver signal Srx pec. The detector can be assumed a
hard decision detector, i.e. it decides based on minimum Euclidean to a given
set of symbols (for example an M-ary quadrature amplitude modulation
(QAM) constellation). The detector could, according to some aspects, use
prior knowledge (such as a training sequence or known symbols appearing
periodically) as a complement to the hard decision. The detected receiver
signal Srx pec is then fed to an inverse mapper Map performing the inverse

operations of the mapper Map to produce a digital output sequence Dout.

Reference is now made to Fig. 9 illustrating a method for suppressing
interference in a received reception signal St.: in the radio transceiver device

100 as performed by the control device 300 according to an embodiment.
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As disclosed above, the radio transceiver device 100 is configured to receive
the reception signal Sto: as a radio reception signal Stow.rr and to generate a
radio transmission signal Stx-rr. The radio transmission signal Stx.rr and the
radio reception signal St.t-rr 0ccupy at least partly non-overlapping

frequency bands.

S102: The control device 300 obtains the transmission reference signal Stx

based on the radio transmission signal Stx-grF.

S104: The control device 300 estimates an interference distortion component
signal Scm. The interference distortion component signal Scy is estimated
based on the transmission reference signal Stx and on the model of
nonlinearity in a radio circuit of the radio transceiver device 100. An example

of this model h has been provided above.

S106: The control device 300 suppresses interference in the reception signal
Stot. Interference in the reception signal St.: is suppressed by combining the

reception signal Stot with the distortion component signal Sc.

In general terms, combining the reception signal St.: with the distortion
component signal Scu results in a compensated reception signal Scomp.
According to an embodiment the compensated reception signal Scomp is
determined so as to compensate the reception signal St.: for the internal

leakage contribution due to h(Stx-rr).

According to an embodiment the interference distortion component signal
Scum represents at least one non-linear component, for example the nonlinear

function f; in the radio circuit of the radio transceiver device 100.

According to an embodiment the interference distortion component signal
Scum is an estimation of cross modulation in a receiver branch of the radio

transceiver device 100.

Embodiments relating to further details of suppressing interference in a
received reception signal St.: in the radio transceiver device 100 will now be

disclosed.
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Reference is now made to Fig. 10 illustrating methods for suppressing
interference in a received reception signal St.: in the radio transceiver device
100 as performed by the control device 300 according to further
embodiments. It is assumed that steps S102, S104, s106 are performed as
described with reference to Fig. 9, and a repeated description of these steps is

therefore omitted.

One general task and purpose of the receiver is to derive information in Srx
from the observed reception signal Stt, i.e. to remove unwanted distortion
and the adjacent channel (Sagj-rr). The cross modulation of Stx-rr and Sagj-rr
leaks into the desired reception signal Srx. Without any cross modulation Sag;-
rr could be removed by filtering. Without any cross modulation Stx-rr could

also be removed by filtering.

Instead the control device 300 is configured to estimate the cross modulation
Scw, i.e. to find Scu. From Equation (3) follows that the cross modulation Scu

can be defined according to Equation (4):
S = A5 ® 5"+ As 1y |h R 5| 4)

The radio transmission signal Stx.rr can be assumed known or at least the
complex base band version of it, i.e. the transmission signal Sz, can be
considered known. Thus, according to aspects, one task of the control device
300 is to find a function, r(Sto:, Stx; ® ), where © denotes a parameter (which

may be vector valued), that estimates Scu such that
SCM = r(STot’STx’®)° (5)

The control device 300 could thereby estimate the cross modulation Scm
using the estimator, r, and compensates the received signal Sto: with the
estimated distortion Scu. According to an embodiment the interference
distortion component signal Scum is estimated by minimizing an error signal e
based on a difference between the compensated reception signal Scomp and a

receiver signal. As disclosed above, Sryis a filtered receiver signal and Srx,pec
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is a detected receiver signal. Hence, according to an embodiment the control
device 300 is configured to determine the filtered receiver signal Sgx by
performing step S108 and to process the filtered receiver signal Sk to obtain

the detected receiver signal Srx,pec by performing step S110:

S108: The control device 300 filters the compensated reception signal Scomp,

resulting in the filtered receiver signal Skx.

S110: The control device 300 processes the filtered receiver signal Srx by the

detector, resulting in the detected receiver signal Srx,pec.

The error signal e is then determined as a difference between the filtered
receiver signal Sgx and the detected receiver signal Srxpec. That is, according

to an embodiment the error signal e is formulated as in Equation (6):

~

€=Sp — Sk pec (6)

There can be different ways to use the error signal e to determine the
interference distortion component signal Scu. According to an embodiment
the interference distortion component signal Scw is estimated using a least
means squares (LMS) estimate based on the error signal e. In further detail,
the square of the error signal e can be minimized in order to determine an

optimum parameter set © for estimating Scwm.

An LMS approach finding the parameters can be derived according to

Equation (7):

Ele(me(n)*] = Ele(n XSy (1) ~ (S S, O)) . )

The resulting compensation then becomes according to Equation (8):

*§CM = STot(n)(Zﬁ:ﬂk,ISTx(n_k)ng(n_Z)*j . (8)

k=0 1=0

The LMS expression estimating the coefficients (8, or © ) becomes

according to Equation (8):
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B, (m+1)= B, (m)— pe(n)Sy,, (n) S (n— k) Sy (n—1). 9)

In Equation (9) the symbol + denotes complex conjugation. Using a filter h
with h=1 and appropriate configuration of A, the down converted

compensated spectrum 810 and uncompensated spectrum 800 as illustrated

. . . P,

in Fig. 8 are achieved, where 1010g : O{PTRFJ =404B and10log : { Adi-RE j =3dB,
Rx—RF Rx—RF

where Pr«rr denotes the power of Stxrr, where Pr«rr denotes the power of

Srx-rr, and where Pagj.rr denotes the power of Sadj-rr.

Fig. 11 schematically illustrates, in terms of a number of functional units, the
components of a control device 300 according to an embodiment. Processing
circuitry 1110 is provided using any combination of one or more of a suitable
central processing unit (CPU), multiprocessor, microcontroller, digital signal
processor (DSP), etc., capable of executing software instructions stored in a
computer program product 1310 (as in Fig. 13), e.g. in the form of a storage
medium 1130. The processing circuitry 1110 may further be provided as at
least one application specific integrated circuit (ASIC), or field programmable
gate array (FPGA).

Particularly, the processing circuitry 1110 is configured to cause the control
device 300 to perform a set of operations, or steps, S102-S110, as disclosed
above. For example, the storage medium 1130 may store the set of operations,
and the processing circuitry 1110 may be configured to retrieve the set of
operations from the storage medium 1130 to cause the control device 300 to
perform the set of operations. The set of operations may be provided as a set

of executable instructions.

Thus the processing circuitry 1110 is thereby arranged to execute methods as
herein disclosed. The storage medium 1130 may also comprise persistent
storage, which, for example, can be any single one or combination of
magnetic memory, optical memory, solid state memory or even remotely
mounted memory. The control device 300 may further comprise a

communications interface 1120 at least configured to obtain Stx, ©, Stot, and
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to provide Scomp. As such the communications interface 1120 may comprise
one or more transmitters and receivers, comprising analogue and digital
components. The processing circuitry 1110 controls the general operation of
the control device 300 e.g. by sending data and control signals to the
communications interface 1120 and the storage medium 1130, by receiving
data and reports from the communications interface 1120, and by retrieving
data and instructions from the storage medium 1130. Other components, as
well as the related functionality, of the control device 300 are omitted in

order not to obscure the concepts presented herein.

Fig. 12 schematically illustrates, in terms of a number of functional modules,
the components of a control device 300 according to an embodiment. The
control device 300 of Fig. 12 comprises a number of functional modules; an
obtain module 1110a configured to perform step S102, an estimate module
1110b configured to perform step S104, and a suppress module 1110¢c
configured to perform step S106. The control device 300 of Fig. 12 may
further comprises a number of optional functional modules, such as any of a
filter module configured to perform step S108, and a detector module 1110e

configured to perform step S110.

In general terms, each functional module 1110a-1110e may in one
embodiment be implemented only in hardware or and in another
embodiment with the help of software, i.e., the latter embodiment having
computer program instructions stored on the storage medium 1130 which
when run on the processing circuitry makes the control device 300 perform
the corresponding steps mentioned above in conjunction with Fig 12. It
should also be mentioned that even though the modules correspond to parts
of a computer program, they do not need to be separate modules therein, but
the way in which they are implemented in software is dependent on the
programming language used. Preferably, one or more or all functional
modules 1110a-1110e may be implemented by the processing circuitry 1110,
possibly in cooperation with functional units 1120 and/or 1130. The

processing circuitry 1110 may thus be configured to from the storage medium

PCT/EP2016/057404
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1130 fetch instructions as provided by a functional module 1110a-1110e and to

execute these instructions, thereby performing any steps as disclosed herein.

The control device 300 may be provided as a standalone device or as a part of
at least one further device. For example, the control device 300 may be
provided in the radio transceiver device 100. Hence, according to an
embodiment there is provided a radio transceiver device 100 as herein

disclosed comprising a control device 300 as herein disclosed.

Alternatively, functionality of the control device 300 may be distributed
between at least two devices, or nodes. Thus, a first portion of the
instructions performed by the control device 300 may be executed in a first
device, and a second portion of the of the instructions performed by the
control device 300 may be executed in a second device; the herein disclosed
embodiments are not limited to any particular number of devices on which
the instructions performed by the control device 300 may be executed.
Hence, the methods according to the herein disclosed embodiments are
suitable to be performed by a control device 300 residing in a cloud
computational environment. Therefore, although a single processing circuitry
1110 is illustrated in Fig. 11 the processing circuitry 1110 may be distributed
among a plurality of devices, or nodes. The same applies to the functional
modules 1110a-1110¢e of Fig. 12 and the computer program 1320 of Fig. 13 (see
below).

Fig. 13 shows one example of a computer program product 1310 comprising
computer readable storage medium 1330. On this computer readable storage
medium 1330, a computer program 1320 can be stored, which computer
program 1320 can cause the processing circuitry 1110 and thereto operatively
coupled entities and devices, such as the communications interface 1120 and
the storage medium 1130, to execute methods according to embodiments
described herein. The computer program 1320 and/or computer program
product 1310 may thus provide means for performing any steps as herein

disclosed.
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In the example of Fig. 13, the computer program product 1310 is illustrated as
an optical disc, such as a CD (compact disc) or a DVD (digital versatile disc)
or a Blu-Ray disc. The computer program product 1310 could also be
embodied as a memory, such as a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only memory (EPROM), or
an electrically erasable programmable read-only memory (EEPROM) and
more particularly as a non-volatile storage medium of a device in an external
memory such as a USB (Universal Serial Bus) memory or a Flash memory,
such as a compact Flash memory. Thus, while the computer program 1320 is
here schematically shown as a track on the depicted optical disk, the
computer program 1320 can be stored in any way which is suitable for the

computer program product 1310.

The inventive concept has mainly been described above with reference to a
few embodiments. However, as is readily appreciated by a person skilled in
the art, other embodiments than the ones disclosed above are equally
possible within the scope of the inventive concept, as defined by the

appended patent claims.
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CLAIMS

1. A method performed by a control device (300) for suppressing
interference in a received reception signal St.: in a radio transceiver device
(100) configured to receive the reception signal Sto: as a radio reception
signal Stow.rr and to generate a radio transmission signal St«-rr, wherein the
radio transmission signal St«rr and the radio reception signal Stot-rr OCCUpy
at least partly non-overlapping frequency bands , the method comprising;:

obtaining (S102) a transmission reference signal Stx based on the radio
transmission signal Stx-rr;

estimating (S104) an interference distortion component signal Scu
based on the transmission reference signal Stx and on a model of nonlinearity
in a radio circuit of the radio transceiver device; and

suppressing (S106) interference in the reception signal Sto: by

combining the reception signal Stot with the distortion component signal Scw.

2.  The method according to claim 1, wherein combining the reception
signal Stot with the distortion component signal Scm results in a compensated

reception signal Scomp.

3. The method according to claim 1, wherein the interference distortion
component signal Scu is an estimation of cross modulation in a receiver

branch of the radio transceiver device.

4. The method according to claim 1, wherein the reception signal Stot
comprises a desired radio reception signal Srx-rr and an internal leakage
contribution, as modelled by the model, of the radio transmission signal Stx-

RF.

5.  The method according to claims 2 and 4, wherein the compensated
reception signal Scomp is determined so as to compensate the reception signal

Stot for the internal leakage contribution h(Stx-rr).
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6. The method according to claim 1, wherein the interference distortion
component signal Scu represents at least one non-linear component f in the

radio circuit.

7. The method according to claim 2, wherein the interference distortion
component signal Scw is estimated by minimizing an error signal e based on a
difference between the compensated reception signal Scomp and a receiver

signal.

8. The method according to claim 7, wherein the receiver signal is a
filtered receiver signal Szx and determined by
filtering (S108) the compensated reception signal Scomp, resulting in the

filtered receiver signal Skx.

9. The method according to claims 7 and 8, further comprising:

processing (S110) the filtered receiver signal Sz« by a detector, resulting
in a detected receiver signal Srx,pec, and

wherein the difference is determined between the filtered receiver signal

Srx and the detected receiver signal Sgx pec.

10. The method according to claim 6, wherein the interference distortion
component signal Scy is estimated using a least means squares estimate

based on the error signal e.

11.  The method according to claim 1, wherein the radio transmission signal
Stx-rr is more than one order of magnitude larger in power than the radio

reception signal Stotrr.

12. The method according to claim 1, wherein the model is based on band-

stop filtering of the radio transmission signal Stx-rr.

13. The method according to claim 4, wherein the reception signal Stot
further comprises an external leakage contribution Sagj-rr of another radio
reception signal, wherein the desired radio reception signal Sr«.rr and said
another radio reception signal are located on neighbouring carrier

frequencies.
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14. A control device (300) for suppressing interference in a received
reception signal St.: in a radio transceiver device (100) configured to receive
the reception signal Sto: as a radio reception signal Stow.rr and to generate a
radio transmission signal Stx-rr, wherein the radio transmission signal Stx-rr
and the radio reception signal Sto-rr Occupy at least partly non-overlapping
frequency bands , the control device (300) comprising processing circuitry
(1110), the processing circuitry being configured to cause the control device
(300) to:

obtain a transmission reference signal Stx based on the radio
transmission signal Stx-rr;

estimate an interference distortion component signal Scv based on the
transmission reference signal Stx and on a model of nonlinearity in a radio
circuit of the radio transceiver device; and

suppress interference in the reception signal Stot by combining the

reception signal Stot with the distortion component signal Sc.

15. A control device (300) for suppressing interference in a received
reception signal St.: in a radio transceiver device (100) configured to receive
the reception signal Sto: as a radio reception signal Stow.rr and to generate a
radio transmission signal Stx-rr, wherein the radio transmission signal Stx-rr
and the radio reception signal Sto-rr Occupy at least partly non-overlapping
frequency bands , the control device (300) comprising:
processing circuitry (1110); and
a computer program product (1310) storing instructions that, when
executed by the processing circuitry (1110), causes the control device (300)
to:
obtain a transmission reference signal Stx based on the radio
transmission signal Stx-rr;
estimate an interference distortion component signal Scv based on
the transmission reference signal Stx and on a model of nonlinearity in a
radio circuit of the radio transceiver device; and
suppress interference in the reception signal Stot by combining the

reception signal Stot with the distortion component signal Sc.
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16. A control device (300) for suppressing interference in a received
reception signal St.: in a radio transceiver device (100) configured to receive
the reception signal Sto: as a radio reception signal Stow.rr and to generate a
radio transmission signal Stx-rr, wherein the radio transmission signal Stx-rr
and the radio reception signal Sto-rr Occupy at least partly non-overlapping
frequency bands , the control device (300) comprising:

an obtain module (1110a) configured to obtain a transmission reference
signal Stx based on the radio transmission signal Stx-rF;

an estimate module (1110b) configured to estimate an interference
distortion component signal Scm based on the transmission reference signal
Stx and on a model of nonlinearity in a radio circuit of the radio transceiver
device; and

a suppress module (1110c¢) configured to suppress interference in the
reception signal St.: by combining the reception signal Sto: with the

distortion component signal Scy.

17. Aradio transceiver device (100) configured to receive the reception
signal Stot as a radio reception signal Stt-rr and to generate a radio
transmission signal Stx.rr, wherein the radio transmission signal St«.rr and
the radio reception signal Stot-rr Occupy at least partly non-overlapping
frequency bands , the radio transceiver device (100) comprising a control
device (300) for suppressing interference in a received reception signal Stot in

the radio transceiver device (100) according to any of claims 15, 16, or 17.

18. A computer program (1320) for suppressing interference in a received
reception signal St.: in a radio transceiver device (100) configured to receive
the reception signal Sto: as a radio reception signal Stow.rr and to generate a
radio transmission signal Stx-rr, wherein the radio transmission signal Stx-rr
and the radio reception signal Sto-rr Occupy at least partly non-overlapping
frequency bands , the computer program comprising computer code which,
when run on processing circuitry (1110) of a control device (300), causes the
control device (300) to:
obtain (S102) a transmission reference signal Stx based on the radio

transmission signal Stx-rr;
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estimate (S104) an interference distortion component signal Scv based
on the transmission reference signal Stx and on a model of nonlinearity in a
radio circuit of the radio transceiver device; and

suppress (S106) interference in the reception signal Stot by combining

the reception signal Stot with the distortion component signal Scu.

19. A computer program product (1310) comprising a computer program
(1320) according to claim 18, and a computer readable storage medium

(1330) on which the computer program is stored.
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