US 20180175896A1
a9y United States

a2y Patent Application Publication o) Pub. No.: US 2018/0175896 A1

Breun et al. 43) Pub. Date: Jun. 21, 2018
(54) RECEIVERS AND METHODS FOR (52) US. CL

REDUCING AN INTERFERENCE CPC oo HO4B 1/1036 (2013.01); HO4B 1/123

COMPONENT IN A RECEIVE SIGNAL (2013.01); HO4L 25/0202 (2013.01); HO4L

25/03006 (2013.01)
(71) Applicant: Intel IP Corporation, Santa Clara, CA

(Us) (57) ABSTRACT
(72) Inventors: Peter Breun, Munich (DE); Joachim A receiver for reducing an interference component in a
Wehinger, Unterching (DE) receive signal is provided. The interference component is
caused by a first interferer emitting payload data and a
(21) Appl. No.: 15/794,028 second interferer emitting only broadcast data for commu-
nication control. The receiver includes a first compensation
(22) Filed: Oct. 26, 2017 circuit configured to generate a first compensation signal
based on a component of the receive signal received from
(30) Foreign Application Priority Data the first interferer. Further, the receiver includes a second

compensation circuit configured to generate a second com-
pensation signal based on only a-priori knowledge of at least
one broadcast channel carrying the broadcast data, or based
on a detection of symbols in the receive signal which

Dec. 21,2016 (EP) oo 16205821.8

Publication Classification

(51) Int. CL represent the broadcast data. The detection of symbols is
H04B 1/10 (2006.01) based on only the a-priori knowledge of the at least one
HO4L 25/03 (2006.01) broadcast channel. The receiver also includes a combination
HO4L 25/02 (2006.01) circuit configured to combine the receive signal, the first
H04B 1/12 (2006.01) compensation signal and the second compensation signal.

148

, —> 110

15{} ,,,,,, B _EE{}




Patent Application Publication  Jun. 21, 2018 Sheet 1 of 5 US 2018/0175896 A1

140 » et 110
/)
- E{"i\‘” 111
101 e 130 > 102
: ;
\\\ : RS 121
N

Fig. 1



Patent Application Publication

FIG. 2

220
N

A
Nodeb 1

ﬁeaéed

o1/

!

NodeB_serving  /

Jun. 21, 2018 Sheet 2 of 5

UE 1

7

§

200

US 2018/0175896 Al

- NodeB_3
| (unloaded)

NodeB 4 —




Patent Application Publication  Jun. 21, 2018 Sheet 3 of 5 US 2018/0175896 A1

360
310 320
/ (
TC-full TO-full
module 1 maduie 2
TC-lite -t
maodule 3 maduie 4
i }



Patent Application Publication  Jun. 21, 2018 Sheet 4 of 5 US 2018/0175896 A1

s‘,‘% }:g‘:} s g‘\k'\ E

G
£t

(l{?‘}g ey \\:\Q{} Fo— e “";5 :’3
"~ 3%\ & ¥
\\\"\\ = \-r'* ‘}‘ - )§
...................... \§ i N
& HE R S '6.‘..
480 = 450

o
oy




Patent Application Publication  Jun. 21, 2018 Sheet 5 of 5 US 2018/0175896 A1

500

520 -~

Fig. 5

generating a first compensation signal

\

602 l

) . . 600
generating a second compensation signal -

1

604 |

combining the receive signal, the first
compensation signal and the
second compensation signal

1

606
Fig. 6

determining a compaosition of the
receive signal

702 l 700

selecting a first compensation circuit or
a second compensation circuit

\

A

704
Fig. 7



US 2018/0175896 Al

RECEIVERS AND METHODS FOR
REDUCING AN INTERFERENCE
COMPONENT IN A RECEIVE SIGNAL

FIELD

[0001] Examples relate to interference cancellation. In
particular, examples relate to receivers and methods for
reducing an interference component in a receive signal.

BACKGROUND

[0002] Interference from neighboring base stations is a
serious problem for a user equipment in mobile communi-
cations. Also in wireless local area networks or in wireline
networks, interference is a serious problem for receive
devices. Interference cancellation comes at quite some cost
in terms of die-size, firmware algorithm complexity, and
power consumption.

[0003] Hence, there may be a desire for an improved
interference cancellation technique.

BRIEF DESCRIPTION OF THE FIGURES

[0004] Some examples of apparatuses and/or methods will
be described in the following by way of example only, and
with reference to the accompanying figures, in which
[0005] FIG. 1 illustrates an example of a receiver for
reducing an interference component in a receive signal;
[0006] FIG. 2 illustrates an exemplary receive situation
with multiple interferers;

[0007] FIG. 3 illustrates an example of a configuration
comprising multiple compensation circuits;

[0008] FIG. 4 illustrates another example of a receiver for
reducing an interference component in a receive signal;
[0009] FIG. 5 illustrates an example of a mobile device
comprising a receiver;

[0010] FIG. 6 illustrates a flowchart of an example of a
method for reducing an interference component in a receive
signal; and

[0011] FIG. 7 illustrates a flowchart of another example of
a method for reducing an interference component in a
receive signal.

DETAILED DESCRIPTION

[0012] Various examples will now be described more fully
with reference to the accompanying drawings in which some
examples are illustrated. In the figures, the thicknesses of
lines, layers and/or regions may be exaggerated for clarity.
[0013] Accordingly, while further examples are capable of
various modifications and alternative forms, some particular
examples thereof are shown in the figures and will subse-
quently be described in detail. However, this detailed
description does not limit further examples to the particular
forms described. Further examples may cover all modifica-
tions, equivalents, and alternatives falling within the scope
of the disclosure. Like numbers refer to like or similar
elements throughout the description of the figures, which
may be implemented identically or in modified form when
compared to one another while providing for the same or a
similar functionality.

[0014] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, the elements may be directly connected or coupled
or via one or more intervening elements. If two elements A
and B are combined using an “or”, this is to be understood
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to disclose all possible combinations, i.e. only A, only B as
well as A and B. An alternative wording for the same
combinations is “at least one of A and B”. The same applies
for combinations of more than 2 Elements.

[0015] The terminology used herein for the purpose of
describing particular examples is not intended to be limiting
for further examples. Whenever a singular form such as “a,”
“an” and “the” is used and using only a single element is
neither explicitly or implicitly defined as being mandatory,
further examples may also use plural elements to implement
the same functionality. Likewise, when a functionality is
subsequently described as being implemented using mul-
tiple elements, further examples may implement the same
functionality using a single element or processing entity. It
will be further understood that the terms “comprises,” “com-
prising,” “includes” and/or “including,” when used, specify
the presence of the stated features, integers, steps, opera-
tions, processes, acts, elements and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, processes, acts, ele-
ments, components and/or any group thereof.

[0016] Unless otherwise defined, all terms (including tech-
nical and scientific terms) are used herein in their ordinary
meaning of the art to which the examples belong.

[0017] Inthe following, various examples relate to devices
(e.g. cell phone, base station) or components (e.g. transmit-
ter, transceiver) of devices used in wireless or mobile
communications systems. A mobile communication system
may, for example, correspond to one of the mobile commu-
nication systems standardized by the 3rd Generation Part-
nership Project (3GPP), e.g. Global System for Mobile
Communications (GSM), Enhanced Data rates for GSM
Evolution (EDGE), GSM EDGE Radio Access Network
(GERAN), High Speed Packet Access (HSPA), Universal
Terrestrial Radio Access Network (UTRAN) or Evolved
UTRAN (EUTRAN), LTE or LTE-Advanced (LTE-A), or
mobile communication systems with different standards, e.g.
Worldwide Interoperability for Microwave Access (WI-
MAX) IEEE 802.16 or Wireless Local Area Network
(WLAN) IEEE 802.11, generally any system based on Time
Division Multiple Access (TDMA), Frequency Division
Multiple Access (FDMA), Orthogonal Frequency Division
Multiple Access (OFDMA), Code Division Multiple Access
(CDMA), etc. The terms mobile communication system and
mobile communication network may be used synonymously.
[0018] The mobile communication system may comprise
a plurality of transmission points or base station transceivers
operable to communicate radio signals with a mobile trans-
ceiver. In these examples, the mobile communication system
may comprise mobile transceivers, relay station transceivers
and base station transceivers. The relay station transceivers
and base station transceivers can be composed of one or
more central units and one or more remote units.

[0019] A mobile transceiver or mobile device may corre-
spond to a smartphone, a cell phone, User Equipment (UE),
a laptop, a notebook, a personal computer, a Personal Digital
Assistant (PDA), a Universal Serial Bus (USB)-stick, a
tablet computer, a car, etc. A mobile transceiver or terminal
may also be referred to as UE or user in line with the 3GPP
terminology. A base station transceiver can be located in the
fixed or stationary part of the network or system. A base
station transceiver may correspond to a remote radio head,
a transmission point, an access point, a macro cell, a small
cell, a micro cell, a pico cell, a femto cell, a metro cell etc.
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The term small cell may refer to any cell smaller than a
macro cell, i.e. a micro cell, a pico cell, a femto cell, or a
metro cell. Moreover, a femto cell is considered smaller than
a pico cell, which is considered smaller than a micro cell. A
base station transceiver can be a wireless interface of a wired
network, which enables transmission and reception of radio
signals to a UE, mobile transceiver or relay transceiver. Such
a radio signal may comply with radio signals as, for
example, standardized by 3GPP or, generally, in line with
one or more of the above listed systems. Thus, a base station
transceiver may correspond to a NodeB, an eNodeB, a BTS,
an access point, etc. A relay station transceiver may corre-
spond to an intermediate network node in the communica-
tion path between a base station transceiver and a mobile
station transceiver. A relay station transceiver may forward
a signal received from a mobile transceiver to a base station
transceiver, signals received from the base station trans-
ceiver to the mobile station transceiver, respectively.

[0020] The mobile communication system may be cellu-
lar. The term cell refers to a coverage area of radio services
provided by a transmission point, a remote unit, a remote
head, a remote radio head, a base station transceiver, relay
transceiver or a NodeB, an eNodeB, respectively. The terms
cell and base station transceiver may be used synonymously.
In some examples a cell may correspond to a sector. For
example, sectors can be achieved using sector antennas,
which provide a characteristic for covering an angular
section around a base station transceiver or remote unit. In
some examples, a base station transceiver or remote unit
may, for example, operate three or six cells covering sectors
of 120° (in case of three cells), 60° (in case of six cells)
respectively. Likewise a relay transceiver may establish one
or more cells in its coverage area. A mobile transceiver can
be registered or associated with at least one cell, i.e. it can
be associated to a cell such that data can be exchanged
between the network and the mobile in the coverage area of
the associated cell using a dedicated channel, link or con-
nection. A mobile transceiver may hence register or be
associated with a relay station or base station transceiver
directly or indirectly, where an indirect registration or asso-
ciation may be through one or more relay transceivers.

[0021] FIG. 1 illustrates a receiver 100 for reducing an
interference component in a receive signal 101. The inter-
ference component is caused by a first interferer 140 emit-
ting payload data and a second interferer 150 emitting only
broadcast data for communication control. The receiver 100
includes a first compensation circuit 110 configured to
generate a first compensation signal 111 based on a com-
ponent of the receive signal 101 which is received from the
first interferer 140. Further, the receiver 100 includes a
second compensation circuit 120 configured to generate a
second compensation signal 121 based on only a-priori
knowledge of at least one broadcast channel carrying the
broadcast data, or based on a detection of symbols in the
receive signal 101 which represent the broadcast data. The
detection of symbols is based on only the a-priori knowledge
of the at least one broadcast channel. The receiver 100 also
includes a combination circuit 130 configured to combine
the receive signal 101, the first compensation signal 111 and
the second compensation signal 121.

[0022] The receiver 100 may allow to generate a compen-
sated receive signal 102 with reduced or removed interfer-
ence component. Additionally, interference caused by the
second interferer may be reduced with reduced power con-
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sumption. Moreover, a die size of the receiver 100 may be
reduced compared to conventional approaches due to
reduced complexity of the second compensation circuit 120.
The complexity and the power consumption of the second
compensation circuit 120 may be reduced since only the
a-priori knowledge of the at least one broadcast channel is
used for generating the second compensation or the sym-
bols. Hence, no complex algorithms or circuit structures for
the detection of the broadcast data allocation and the modu-
lation scheme detection are required.

[0023] Payload data designates any data for one or more
users which is transmitted from the first interferer 140. In
contrast thereto, the broadcast data for communication con-
trol designates any data broadcast by the second interferer
150 which comprises information for controlling any com-
munication between the second interferer 150 and a further
entity. For example, the broadcast data for communication
control may be pilot or synchronization data for establishing
or synchronizing a communication connection with the
second interferer 150.

[0024] The receiver 100 may, e.g., be a receiver for
wireless signals or wireline signals. Accordingly, the receive
signal 101 may be received via air interface or via cable/
fiber. As indicated above, the receive signal 101 may com-
prise a desired signal component which is received from a
communication partner and undesired signal components
which are received from interferers. In addition, the desired
signal component may be disturbed by the signals of inter-
ferers, so that the desired signal component may comprise
the interference component. The interference component
may, e.g., reduce a Signal-to-Noise Ratio (SNR) of the
receive signal 101, so that a data throughput of the receiver
and any subsequent signal processing circuit may be
reduced. It is therefore desirable to remove the interference
component from the receive signal 101.

[0025] The communication partner as well as the interfer-
ers may, e.g., transmit signals corresponding to one of the
mobile communication systems standardized by the 3GPPP
or the IEEE. For example, the communication partner or the
interferers may transmit signals corresponding to GSM,
EDGE, HSPA, LTE, LTE-A, 5” Generation (5G), WLAN,
etc. Accordingly, the receive signal 101 may comprise
undesired components or interference components corre-
sponding to different mobile communication systems.

[0026] The communication partner may, e.g., be a serving
base station of a mobile communication systems, a WLAN
router, or a communication node of a wireline system. The
first interferer 140 and the second interferer 150 may, e.g.,
be neighboring base stations of the serving base station, a
further (second) WLAN router, etc.

[0027] The first compensation circuit 110 generates the
first compensation signal 111 based on the component of the
receive signal 101 which is received from the first interferer
140. That is, the first compensation signal 111 may allow to
reduce the interference component caused by the first inter-
ferer. Therefore, the first compensation circuit 110 may, e.g.,
identify the component of the receive signal 101 which is
received from the first interferer 140, reconstruct the payload
data carried by this signal component and generate the first
compensation signal 111 based on the reconstructed payload
data. In this respect, the first compensation circuit 110 may
be configured to take into account mechanisms which cause
the interference component in the receive signal 101.
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[0028] In some examples, the first compensation circuit
110 may, thus, be further configured to determine, based on
the receive signal 101, at least one downlink channel car-
rying the payload data. Further, the first compensation
circuit 110 may be configured to generate, based on the
receive signal 101, a demodulated data signal comprising
the payload data of the downlink channel. The first com-
pensation circuit 110 may then be configured to generate the
first compensation signal 111 based on the demodulated data
signal.

[0029] For example, for a High Speed Downlink Packet
Access (HSDPA) receive signal 101, the first compensation
circuit 110 may be configured to determine the at least one
downlink channel by de-spreading the receive signal 101
using a spread code employed by the first interferer 140. The
spread code employed by the first interferer 140 may, e.g.,
be detected by blind detection. For example, the first com-
pensation circuit 110 may be configured to de-spread the
receive signal 101 using a possible spread code (i.e. a
candidate spread code), to calculate a code power of the
possible spread code, and to select the possible spread code
as the spread code employed by the first interferer 140 if the
code power is above a threshold. Then, the first compensa-
tion circuit 110 may be further configured to generate the
demodulated data signal by demodulating the de-spread
receive signal. Also the modulation scheme of the receive
signal 101 may be detected blindly. The first compensation
circuit 110 may be further configured to generate the first
compensation signal 111 by spreading the demodulated data
signal using the (determined) spread code, and by filtering
the spread demodulated data signal (using adapted filter
coeflicients).

[0030] Similarly, the channel allocation of the payload
data may be determined for, e.g., an LTE receive signal
using pilot data contained in the receive signal 101. The
allocated payload data may then be demodulated and used
for generating the first compensation signal 111 by the first
compensation circuit 110.

[0031] Also for other signal types (e.g. WLAN, wireline),
the channel allocation of the payload data may be deter-
mined, the allocated payload data may then be demodulated
and used for generating the first compensation signal 111.
[0032] The second compensation circuit 120, however,
does not need to determine any channel allocation of the
broadcast data or a modulation scheme used for the at least
one broadcast channel since this is known from the a-priori
knowledge of the at least one broadcast channel. In other
words, the a-priori knowledge of the at least one broadcast
channel comprises information on one or more channel
parameters (e.g. used spread code, used modulation scheme)
of the at least one broadcast channel. Accordingly, no
complex and power consuming algorithms for blind detec-
tion of theses parameters need to be executed by the second
compensation circuit 120.

[0033] If at least the channel parameters of the at least one
broadcast channel are a-priori known, the symbols in the
receive signal which represent the broadcast data may be
detected in a facilitated manner. Channels for which the
channel parameters are known may be, e.g., the Common
Pilot Channel, CPICH, the Synchronization Channel, SCH,
or the Primary Common Control Physical Channel,
PCCPCH, for HSDPA. For LTE, a channel for which the
channel parameters are known may be, e.g., the Physical
Broadcast Channel, PBCH. Similarly, for various other

Jun. 21, 2018

signal types pilot and synchronization (broadcast) channels
exist for which the channel parameters are known. Accord-
ingly, interference caused by these broadcast channels may
be cancelled from the receive signal 101 with reduced power
consumption by the second compensation circuit 120.

[0034] The a-priori knowledge of the at least one broad-
cast channel may, in some examples, further comprise
information on the broadcast data carried by the at least one
broadcast channel. For some broadcast channels (like the
CPICH), not only the channel parameters are known but also
the broadcast data carried by this channel are known.
Accordingly, the second compensation circuit 120 may
generate the second compensation signal 121 based on only
the a-priori knowledge of the at least one broadcast channel
carrying the broadcast data. That is, no information needs to
be derived from the receive signal 101 for generating the
second compensation signal 121. Accordingly, interference
caused by such broadcast channels may be cancelled from
the receive signal 101 with reduced power consumption by
the second compensation circuit 120.

[0035] Generally speaking, some examples relate to a
means for reducing an interference component in a receive
signal, wherein the interference component is caused by a
first interferer emitting payload data and a second interferer
emitting only broadcast data for communication control.
The means comprises a means for generating a first com-
pensation signal based on a component of the receive signal
received from the first interferer. Further, the means com-
prises a means for generating a second compensation signal
based on only a-priori knowledge of at least one broadcast
channel carrying the broadcast data, or based on a detection
of symbols in the receive signal which represent the broad-
cast data. The detection of symbols is based on only the
a-priori knowledge of the at least one broadcast channel.
Further, the means comprises a means for combining the first
receive signal, the first compensation signal and the second
compensation signal.

[0036] In some examples, the means for generating a
second compensation signal may be configured to generate
the second compensation signal without determining, from
the receive signal, a modulation scheme used for the at least
one broadcast channel.

[0037] The means for reducing an interference component
may be implemented by a receiver for reducing an interfer-
ence component described above or below (e.g. FIG. 1). The
means for generating a first compensation signal may be
implemented by a first compensation circuit described above
or below (e.g. FIG. 1). The means for generating a second
compensation signal may be implemented by a second
compensation circuit described above or below (e.g. FIG. 1).
The means for combining may be implemented by a com-
bination circuit described above or below (e.g. FIG. 1).

[0038] An exemplary application of the proposed concept
is illustrated in FIG. 2 which illustrates a receive situation
with multiple interferers 220, 230, 240, 250. A mobile
device (user equipment) 200 receives a data signal 211 from
a serving NodeB 210. Simultaneously, the mobile device
200 also sees interference from the four neighboring
NodeBs 220, 230, 240, 250. The two neighboring NodeBs
220 and 230 carry data signals, i.e., payload data. The two
neighboring NodeBs 240 and 250 are unloaded, i.e., they
transmit only broadcast data (broadcast channels) for com-
munication control but no payload data.
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[0039] A conventional receiver in the mobile device 200
which supports deterministic interference cancellation
would have 4 full-fledged detection units. Two of them
would actually be needed to identify the payload data signals
on the loaded cells served by the NodeBs 220 and 230.
However, two of the neighboring NodeBs can be handled
already if only their broadcast signal (e.g. the CPICH) was
cancelled.

[0040] This is taken into account by the receiver 300
illustrated in FIG. 3. The receiver 300 comprises four
compensation circuits 310, 320, 330 and 340. However, only
the two compensation circuits 310, 320 generate a respective
compensation signal which is based on a component of the
receive signal received from the neighboring NodeB 220 or
230, respectively. The other two compensation circuits 330,
340 generate a respective compensation signal based on only
a-priori knowledge of the one or more broadcast channels
carrying the broadcast data of the neighboring NodeBs 240
and 250, or based on a detection of symbols in the receive
signal which represent the broadcast data of the neighboring
NodeBs 240 and 250. The detection of symbols is based on
only the a-priori knowledge of the at least one broadcast
channel carrying the broadcast data of the neighboring
NodeBs 240 and 250. For example, if the neighboring
NodeBs 240 and 250 only broadcast on the CPICH, the
compensation circuits 330, 340 generate a respective com-
pensation signal based on only a-priori knowledge of the
CPICH since the channel parameters as well as the broadcast
data on this channel are known.

[0041] In this way, a much “lighter” architecture can be
accomplished which reduces die-size and power-consump-
tion drastically.

[0042] In other words, instead of having N full-fledged
deterministic interference cancellation units it may be suf-
ficient to have only M of them and implement N-M units as
“lite” versions. This may have the advantage that die-size
(cost), power and firmware complexity can be saved
whereas performance stays at its best. The available full-
fledged deterministic interference cancellation units and lite
modules may be assigned dynamically to the interferers as
they are needed.

[0043] The assignment of compensation circuits is further
illustrated in FIG. 4 which illustrates a receiver 400 for
reducing an interference component in a receive signal 401.
The interference component is caused by an interferer 460
emitting payload data and/or broadcast data for communi-
cation control.

[0044] The receiver 400 comprises an estimation circuit
410 configured to determine a composition of the receive
signal 401. Further, the receiver 400 comprises a decision
circuit 420 configured to select, based on the composition, a
first compensation circuit 430 or a second compensation
circuit 450 for supplying a compensation signal 431, 451 to
a combination circuit 440 which combines the receive signal
401 and the compensation signal 431, 451. The first com-
pensation circuit 430 is configured to generate the compen-
sation signal 431 based on a component of the receive signal
401 which is received from the interferer 460. The second
compensation circuit 450 is configured to generate the
compensation signal 451 based on only a-priori knowledge
of at least one broadcast channel carrying the broadcast data,
or based on a detection of symbols in the receive signal 401
which represent the broadcast data. In this respect, the
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detection of symbols is based on only the a-priori knowledge
of the at least one broadcast channel.

[0045] The receiver 400 may allow to select the most
suitable of the first compensation circuit 430 and the second
compensation circuit 450 for generating the compensation
signal. The composition of the receive signal 401 may
indicate if the interferer 460 emits payload data and/or
broadcast data for communication control. Accordingly, the
required compensation circuit for reducing the compensa-
tion component in the receive signal 401 may be selected.
For example, if the composition of the receive signal 401
indicates that interferer 460 emits only broadcast data for
communication control, it may sufficient to generate the
compensation signal using the second compensation circuit
450. If the composition of the receive signal 401 indicates
that interferer 460 emits payload data (and broadcast data),
it may be required to generate the compensation signal using
the first compensation circuit 430.

[0046] The decision circuit 410 may, e.g., be configured to
determine the composition of the receive signal 401 based
on a ratio of the pilot power of the component of the receive
signal to the total power of the component of the receive
signal. If the pilot power (i.e. the power of one or more pilot
symbols/tones) is low compared to the total power, the
signal of the interferer 460 is loaded (i.e. it carries payload
data). If the pilot power (i.e. the power of one or more pilot
symbols/tones) is high compared to the total power, the
signal of the interferer 460 is unloaded (i.e. it carries mostly
or only broadcast data for communication control). Accord-
ingly, the decision circuit 420 may be configured to select
the second compensation circuit 450 if the ratio is above a
threshold value. On the contrary, the decision circuit 420
may be configured to select the first compensation circuit
430 if the ratio is below the threshold value. The threshold
value may, e.g., be based on signal measurements and/or
calculations.

[0047] Alternatively, the decision circuit 410 may be con-
figured to determine the composition of the receive signal
401 based on a number of downlink channels in the receive
signal 401 which are allocated to the interferer 460. The
number of downlink channels allocated to the interferer 460
may be higher if the signal of the interferer 460 is loaded (i.e.
it carries payload data). The number of downlink channels
allocated to the interferer 460 may be lower if the signal of
the interferer 460 is unloaded (i.e. it carries mostly or only
broadcast data for communication control). Accordingly, the
decision circuit 420 may be configured to select the second
compensation circuit 450 if the number of downlink chan-
nels is below a threshold value. On the contrary, the decision
circuit 420 may be configured to select the first compensa-
tion circuit 430 if the number of downlink channels is above
the threshold value. The threshold value may, e.g., be based
on signal measurements and/or calculations.

[0048] The estimation of the interferer 460°s configura-
tion, i.e., the determination of the receive signal 401’s
composition, may be done dynamically. That is, the estima-
tion may be carried out repeatedly. For example, the com-
position estimation circuit 410 may be configured to rede-
termine the composition of the receive signal 401, wherein
the decision circuit 420 may be configured to select the first
compensation circuit 430 or the second compensation circuit
450 for supplying the compensation signal 431, 451 to the
combination circuit 440 based on the redetermined compo-
sition. Accordingly, the first compensation circuit 430 or the
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second compensation circuit 450 may be assigned according
to the actual needs/requirements.

[0049] Generally speaking, some examples relate to a
means for reducing an interference component in a receive
signal, wherein the interference component is caused by an
interferer emitting payload data and/or broadcast data for
communication control. The means comprises a means for
determining a composition of the receive signal. Further, the
means comprises a means for selecting, based on the com-
position, a first means or a second means for supplying a
compensation signal to a means for combining the receive
signal and the compensation signal. The first means for
supplying a compensation signal is configured to generate
the compensation signal based on a component of the
receive signal received from the interferer. The second
means for supplying a compensation signal is configured to
generate the compensation signal based on only a-priori
knowledge of at least one broadcast channel carrying the
broadcast data, or based on a detection of symbols in the
receive signal which represent the broadcast data, wherein
the detection of symbols is based on only the a-priori
knowledge of the at least one broadcast channel.

[0050] The means for reducing an interference component
may be implemented by a receiver for reducing an interfer-
ence component described above or below (e.g. FIG. 4). The
means for determining a composition of the receive signal
may be implemented by an estimation circuit described
above or below (e.g. FIG. 4). The means for selecting may
be implemented by a decision circuit described above or
below (e.g. FIG. 4). The first means for supplying a com-
pensation signal may be implemented by a first compensa-
tion circuit described above or below (e.g. FIG. 4). The
second means for supplying a compensation signal may be
implemented by a second compensation circuit described
above or below (e.g. FIG. 4). The means for combining may
be implemented by a combination circuit described above or
below (e.g. FIG. 4).

[0051] In some examples, full deterministic interference
cancellation may be implemented not for N-interferers. Full
deterministic interference cancellation may only be done for
M out of N interferers. The other N-M interferers may
support a lite deterministic interference cancellation but not
full deterministic interference cancellation. Lite determinis-
tic interference cancellation considers only the broadcast
channels (e.g. pilot and synchronization channels). Hence, a
very tradeoft between throughput performance and cost may
be achieved.

[0052] The proposed concept may hit three essential Key
Performance Indicators (KPIs) that are important to cellular
systems. By adding lite deterministic interference cancella-
tion elements into the receiver, the user-experience may be
improved by obtaining higher datarates. Instead of having a
full-fledged deterministic interference cancellation structure
additional lite deterministic interference cancellation may
cause practically no increase in die-size. Further, since
full-code searches, modulation detection, and power-esti-
mates need not be obtained, the power-consumption may be
reduced greatly. Also firmware complexity may be reduced.
Since only pre-known broadcast channels (e.g. pilot, syn-
chronization) are cancelled, complex algorithms for the
detection of data signal allocation and symbol detection may
be not required.

[0053] An example of an implementation using a receiver
according to one or more aspects of the proposed concept or
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one or more examples described above is illustrated in FIG.
5. FIG. 5 schematically illustrates an example of a mobile
device 500 (e.g. mobile phone, smartphone, tablet-com-
puter, or laptop) comprising a receiver 520 according to an
example described herein. An antenna element 510 of the
mobile device 500 may be coupled to the receiver 520. To
this end, mobile devices may be provided with improved
user experience as well as reduced power consumption.
[0054] An example of a method 600 method for reducing
an interference component in a receive signal is illustrated
by means of a flowchart in FIG. 6. The interference com-
ponent is caused by a first interferer emitting payload data
and a second interferer emitting only broadcast data for
communication control. The method 600 comprises gener-
ating 602 a first compensation signal based on a component
of the receive signal received from the first interferer.
Further, the method 600 comprises generating 604 a second
compensation signal based on only a-priori knowledge of at
least one broadcast channel carrying the broadcast data, or
based on a detection of symbols in the receive signal which
represent the broadcast data. In this respect, the detection of
symbols is based on only the a-priori knowledge of the at
least one broadcast channel. The method 600 also comprises
combining 606 the receive signal, the first compensation
signal and the second compensation signal.

[0055] More details and aspects of the method are men-
tioned in connection with the proposed concept or one or
more examples described above (e.g. FIGS. 1 to 3). The
method may comprise one or more additional optional
features corresponding to one or more aspects of the pro-
posed concept or one or more examples described above.
[0056] An example of another method 700 for reducing an
interference component in a receive signal is illustrated by
means of a flowchart in FIG. 7. The interference component
is caused by an interferer emitting payload data and/or
broadcast data for communication control. The method 700
comprises determining 702 a composition of the receive
signal. Further, the method 700 comprises selecting 704,
based on the composition, a first compensation circuit or a
second compensation circuit for supplying a compensation
signal to combination circuit which combines the receive
signal and the compensation signal. In this respect, the first
compensation circuit is configured to generate the compen-
sation signal based on a component of the receive signal
received from the interferer. The second compensation cir-
cuit is configured to generate the compensation signal based
on only a-priori knowledge of at least one broadcast channel
carrying the broadcast data, or based on a detection of
symbols in the receive signal which represent the broadcast
data. The detection of symbols is based on only the a-priori
knowledge of the at least one broadcast channel.

[0057] More details and aspects of the method are men-
tioned in connection with the proposed concept or one or
more examples described above (e.g. FIG. 4). The method
may comprise one or more additional optional features
corresponding to one or more aspects of the proposed
concept or one or more examples described above.

[0058] The examples as described herein may be summa-
rized as follows:

[0059] Example 1 is a receiver for reducing an interfer-
ence component in a receive signal, wherein the interference
component is caused by a first interferer emitting payload
data and a second interferer emitting only broadcast data for
communication control, the receiver comprising: a first
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compensation circuit configured to generate a first compen-
sation signal based on a component of the receive signal
received from the first interferer; a second compensation
circuit configured to generate a second compensation signal
based on only a-priori knowledge of at least one broadcast
channel carrying the broadcast data, or based on a detection
of symbols in the receive signal which represent the broad-
cast data, wherein the detection of symbols is based on only
the a-priori knowledge of the at least one broadcast channel;
and a combination circuit configured to combine the receive
signal, the first compensation signal and the second com-
pensation signal.

[0060] In example 2, the first compensation circuit in the
receiver of example 1 is further configured to: determine,
based on the receive signal, at least one downlink channel
carrying the payload data; generate, based on the receive
signal, a demodulated data signal comprising the payload
data of the downlink channel; and generate the first com-
pensation signal based on the demodulated data signal.
[0061] Inexample 3, the a-priori knowledge of the at least
one broadcast channel in the receiver of example 1 or
example 2 comprises information on one or more channel
parameters of the at least one broadcast channel.

[0062] Inexample 4, the a-priori knowledge of the at least
one broadcast channel in the receiver of example 3 further
comprises information on the broadcast data carried by the
at least one broadcast channel.

[0063] In example 5, the second compensation circuit in
the receiver of any of the preceding examples is configured
to generate the second compensation signal without deter-
mining, from the receive signal, a modulation scheme used
for the at least one broadcast channel.

[0064] Example 6 is a receiver for reducing an interfer-
ence component in a receive signal, wherein the interference
component is caused by an interferer emitting payload data
and/or broadcast data for communication control, the
receiver comprising: an estimation circuit configured to
determine a composition of the receive signal; and a deci-
sion circuit configured to select, based on the composition,
a first compensation circuit or a second compensation circuit
for supplying a compensation signal to a combination circuit
which combines the receive signal and the compensation
signal, wherein the first compensation circuit is configured
to generate the compensation signal based on a component
of the receive signal received from the interferer, and
wherein the second compensation circuit is configured to
generate the compensation signal based on only a-priori
knowledge of at least one broadcast channel carrying the
broadcast data, or based on a detection of symbols in the
receive signal which represent the broadcast data, wherein
the detection of symbols is based on only the a-priori
knowledge of the at least one broadcast channel.

[0065] In example 7, the decision circuit in the receiver of
example 6 is configured to determine the composition of the
receive signal based on a ratio of the pilot power of the
component of the receive signal to the total power of the
component of the receive signal.

[0066] In example 8, the decision circuit in the receiver of
example 7 is configured to select the second compensation
circuit if the ratio is above a threshold value.

[0067] In example 9, the decision circuit in the receiver of
example 6 is configured to determine the composition of the
receive signal based on a number of downlink channels in
the receive signal which are allocated to the interferer.
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[0068] In example 10, the decision circuit in the receiver
of example 9 is configured to select the second compensa-
tion circuit if the number of downlink channels is below a
threshold value.

[0069] In example 11, the composition estimation circuit
in the receiver of any of examples 6 to 10 is configured to
redetermine the composition of the receive signal, wherein
the decision circuit is configured to select the first compen-
sation circuit or the second compensation circuit for sup-
plying the compensation signal to the combination circuit
based on the redetermined composition.

[0070] Example 12 is a mobile device comprising a
receiver according to any of examples 1 to 5, or a receiver
according to any of examples 6 to 11.

[0071] In example 13, the mobile device of example 12
further comprises at least one antenna element coupled to
the receiver.

[0072] Example 14 is a method for reducing an interfer-
ence component in a receive signal, wherein the interference
component is caused by a first interferer emitting payload
data and a second interferer emitting only broadcast data for
communication control, the method comprising: generating
a first compensation signal based on a component of the
receive signal received from the first interferer; generating a
second compensation signal based on only a-priori knowl-
edge of at least one broadcast channel carrying the broadcast
data, or based on a detection of symbols in the receive signal
which represent the broadcast data, wherein the detection of
symbols is based on only the a-priori knowledge of the at
least one broadcast channel; and combining the receive
signal, the first compensation signal and the second com-
pensation signal.

[0073] In example 15, generating the first compensation
signal in the method of example 14 comprises: determining,
based on the second signal, at least one downlink channel
carrying the payload data; generating, based on the second
signal, a demodulated data signal comprising the payload
data of the downlink channel; and generating the first
compensation signal based on the demodulated data signal.
[0074] In example 16, the a-priori knowledge of the at
least one broadcast channel in the method of example 14 or
example 15 comprises information on one or more channel
parameters of the at least one broadcast channel.

[0075] In example 17, the a-priori knowledge of the at
least one broadcast channel in the method of example 16
further comprises information on the broadcast data carried
by the at least one broadcast channel.

[0076] In example 18, the second compensation signal in
the method of any of the preceding examples is generated
without determining, from the receive signal, a modulation
scheme used for the at least one broadcast channel.

[0077] Example 19 is a method for reducing an interfer-
ence component in a receive signal, wherein the interference
component is caused by an interferer emitting payload data
and/or broadcast data for communication control, the
method comprising: determining a composition of the
receive signal; and selecting, based on the composition, a
first compensation circuit or a second compensation circuit
for supplying a compensation signal to combination circuit
which combines the receive signal and the compensation
signal, wherein the first compensation circuit is configured
to generate the compensation signal based on a component
of the receive signal received from the interferer, and
wherein the second compensation circuit is configured to
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generate the compensation signal based on only a-priori
knowledge of at least one broadcast channel carrying the
broadcast data, or based on a detection of symbols in the
receive signal which represent the broadcast data, wherein
the detection of symbols is based on only the a-priori
knowledge of the at least one broadcast channel.

[0078] In example 20, determining the composition of the
receive signal in the method of example 19 is based on a
ratio of the pilot power of the component of the receive
signal to the total power of the component of the receive
signal.

[0079] In example 21, selecting the first compensation
circuit or the second compensation circuit in the method of
example 20 comprises selecting the second compensation
circuit if the ratio is above a threshold value.

[0080] In example 22, determining the composition of the
receive signal in the method of example 19 is based on a
number of downlink channels in the receive signal which are
allocated to the interferer.

[0081] In example 23, selecting the first compensation
circuit or the second compensation circuit in the method of
example 22 comprises selecting the second compensation
circuit if the number of downlink channels is below a
threshold value.

[0082] In example 24, the method of any of examples 19
to 23 further comprises: redetermining the composition of
the receive signal; and selecting the first compensation
circuit or the second compensation circuit for supplying the
compensation signal to the combination circuit based on the
redetermined composition.

[0083] Example 25 is a computer readable storage
medium having stored thereon a program having a program
code for performing the method of any of examples 14 to 18,
or the method of any of examples 19 to 24, when the
program is executed on a computer or processor.

[0084] Example 26 is a computer program having a pro-
gram code configured to perform the method of any of
examples 14 to 18, or the method of any of examples 19 to
24, when the computer program is executed on a computer
Or Processor.

[0085] The aspects and features mentioned and described
together with one or more of the previously detailed
examples and figures, may as well be combined with one or
more of the other examples in order to replace a like feature
of the other example or in order to additionally introduce the
feature to the other example.

[0086] Examples may further be or relate to a computer
program having a program code for performing one or more
of the above methods, when the computer program is
executed on a computer or processor. Steps, operations or
processes of various above-described methods may be per-
formed by programmed computers or processors. Examples
may also cover program storage devices such as digital data
storage media, which are machine, processor or computer
readable and encode machine-executable, processor-execut-
able or computerexecutable programs of instructions. The
instructions perform or cause performing some or all of the
acts of the above-described methods. The program storage
devices may comprise or be, for instance, digital memories,
magnetic storage media such as magnetic disks and mag-
netic tapes, hard drives, or optically readable digital data
storage media. Further examples may also cover computers,
processors or control units programmed to perform the acts
of the above-described methods or (field) programmable
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logic arrays ((F)PLAs) or (field) programmable gate arrays
((F)PGAs), programmed to perform the acts of the above-
described methods.

[0087] The description and drawings merely illustrate the
principles of the disclosure. Furthermore, all examples
recited herein are principally intended expressly to be only
for pedagogical purposes to aid the reader in understanding
the principles of the disclosure and the concepts contributed
by the inventor(s) to furthering the art. All statements herein
reciting principles, aspects, and examples of the disclosure,
as well as specific examples thereof, are intended to encom-
pass equivalents thereof.

[0088] A functional block denoted as “means for . . .
performing a certain function may refer to a circuit that is
configured to perform a certain function. Hence, a “means
for s.th.” may be implemented as a “means configured to or
suited for s.th.”, such as a device or a circuit configured to
or suited for the respective task.

[0089] Functions of various elements shown in the figures,
including any functional blocks labeled as “means”, “means
for providing a sensor signal”, “means for generating a
transmit signal.”, etc., may be implemented in the form of
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dedicated hardware, such as “a signal provider”, “a signal
processing unit”, “a processor”, “a controller”, etc. as well
as hardware capable of executing software in association
with appropriate software. When provided by a processor,
the functions may be provided by a single dedicated pro-
cessor, by a single shared processor, or by a plurality of
individual processors, some of which or all of which may be
shared. However, the term “processor” or “controller” is by
far not limited to hardware exclusively capable of executing
software, but may include digital signal processor (DSP)
hardware, network processor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), read
only memory (ROM) for storing software, random access
memory (RAM), and non-volatile storage. Other hardware,
conventional and/or custom, may also be included.

[0090] A block diagram may, for instance, illustrate a
high-level circuit diagram implementing the principles of
the disclosure. Similarly, a flow chart, a flow diagram, a state
transition diagram, a pseudo code, and the like may repre-
sent various processes, operations or steps, which may, for
instance, be substantially represented in computer readable
medium and so executed by a computer or processor,
whether or not such computer or processor is explicitly
shown. Methods disclosed in the specification or in the
claims may be implemented by a device having means for
performing each of the respective acts of these methods.
[0091] Itis to be understood that the disclosure of multiple
acts, processes, operations, steps or functions disclosed in
the specification or claims may not be construed as to be
within the specific order, unless explicitly or implicitly
stated otherwise, for instance for technical reasons. There-
fore, the disclosure of multiple acts or functions will not
limit these to a particular order unless such acts or functions
are not interchangeable for technical reasons. Furthermore,
in some examples a single act, function, process, operation
or step may include or may be broken into multiple sub-acts,
-functions, -processes, -operations or -steps, respectively.
Such sub acts may be included and part of the disclosure of
this single act unless explicitly excluded.

[0092] Furthermore, the following claims are hereby
incorporated into the detailed description, where each claim
may stand on its own as a separate example. While each
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claim may stand on its own as a separate example, it is to be
noted that—although a dependent claim may refer in the
claims to a specific combination with one or more other
claims—other examples may also include a combination of
the dependent claim with the subject matter of each other
dependent or independent claim. Such combinations are
explicitly proposed herein unless it is stated that a specific
combination is not intended. Furthermore, it is intended to
include also features of a claim to any other independent
claim even if this claim is not directly made dependent to the
independent claim.

What is claimed is:

1. A receiver for reducing an interference component in a
receive signal, wherein the interference component is caused
by a first interferer emitting payload data and a second
interferer emitting only broadcast data for communication
control, the receiver comprising:

a first compensation circuit configured to generate a first
compensation signal based on a component of the
receive signal received from the first interferer;

a second compensation circuit configured to generate a
second compensation signal based on only a-priori
knowledge of at least one broadcast channel carrying
the broadcast data, or based on a detection of symbols
in the receive signal which represent the broadcast data,
wherein the detection of symbols is based on only the
a-priori knowledge of the at least one broadcast chan-
nel; and

a combination circuit configured to combine the receive
signal, the first compensation signal and the second
compensation signal.

2. The receiver of claim 1, wherein the first compensation

circuit is further configured to:

determine, based on the receive signal, at least one
downlink channel carrying the payload data;

generate, based on the receive signal, a demodulated data
signal comprising the payload data of the downlink
channel; and

generate the first compensation signal based on the
demodulated data signal.

3. The receiver of claim 1, wherein the a-priori knowledge
of the at least one broadcast channel comprises information
on one or more channel parameters of the at least one
broadcast channel.

4. The receiver of claim 3, wherein the a-priori knowledge
of the at least one broadcast channel further comprises
information on the broadcast data carried by the at least one
broadcast channel.

5. The receiver of claim 1, wherein the second compen-
sation circuit is configured to generate the second compen-
sation signal without determining, from the receive signal, a
modulation scheme used for the at least one broadcast
channel.

6. A receiver for reducing an interference component in a
receive signal, wherein the interference component is caused
by an interferer emitting payload data and/or broadcast data
for communication control, the receiver comprising:

an estimation circuit configured to determine a composi-
tion of the receive signal; and

a decision circuit configured to select, based on the
composition, a first compensation circuit or a second
compensation circuit for supplying a compensation
signal to a combination circuit which combines the
receive signal and the compensation signal,
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wherein the first compensation circuit is configured to
generate the compensation signal based on a compo-
nent of the receive signal received from the interferer,
and

wherein the second compensation circuit is configured to

generate the compensation signal based on only a-priori
knowledge of at least one broadcast channel carrying
the broadcast data, or based on a detection of symbols
in the receive signal which represent the broadcast data,
wherein the detection of symbols is based on only the
a-priori knowledge of the at least one broadcast chan-
nel.

7. The receiver of claim 6, wherein the decision circuit is
configured to determine the composition of the receive
signal based on a ratio of the pilot power of the component
of the receive signal to the total power of the component of
the receive signal.

8. The receiver of claim 7, wherein the decision circuit is
configured to select the secand compensation circuit if the
ratio is above a threshold value.

9. The receiver of claim 6, wherein the decision circuit is
configured to determine the composition of the receive
signal based on a number of downlink channels in the
receive signal which are allocated to the interferer.

10. The receiver of claim 9, wherein the decision circuit
is configured to select the second compensation circuit if the
number of downlink channels is below a threshold value.

11. The receiver of claim 6, wherein the composition
estimation circuit is configured to redetermine the compo-
sition of the receive signal, and wherein the decision circuit
is configured to select the first compensation circuit or the
second compensation circuit for supplying the compensation
signal to the combination circuit based on the redetermined
composition.

12. A method for reducing an interference component in
a receive signal, wherein the interference component is
caused by a first interferer emitting payload data and a
second interferer emitting only broadcast data for commu-
nication control, the method comprising:

generating a first compensation signal based on a com-

ponent of the receive signal received from the first
interferer;

generating a second compensation signal based on only

a-priori knowledge of at least one broadcast channel
carrying the broadcast data, or based on a detection of
symbols in the receive signal which represent the
broadcast data, wherein the detection of symbols is
based on only the a-priori knowledge of the at least one
broadcast channel; and

combining the receive signal, the first compensation sig-

nal and the second compensation signal.
13. The method of claim 12, wherein generating the first
compensation signal comprises:
determining, based on the second signal, at least one
downlink channel carrying the payload data;

generating, based on the second signal, a demodulated
data signal comprising the payload data of the down-
link channel; and

generating the first compensation signal based on the

demodulated data signal.

14. The method of claim 12, wherein the a-priori knowl-
edge of the at least one broadcast channel comprises infor-
mation on one or more channel parameters of the at least one
broadcast channel.
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15. The method of claim 14, wherein the a-priori knowl-
edge of the at least one broadcast channel further comprises
information on the broadcast data carried by the at least one
broadcast channel.

16. The method of claim 12, wherein the second com-
pensation signal is generated without determining, from the
receive signal, a modulation scheme used for the at least one
broadcast channel.

17. A method for reducing an interference component in
a receive signal, wherein the interference component is
caused by an interferer emitting payload data and/or broad-
cast data for communication control, the method compris-
ing:

determining a composition of the receive signal; and

selecting, based on the composition, a first compensation

circuit or a second compensation circuit for supplying
a compensation signal to combination circuit which
combines the receive signal and the compensation
signal,

wherein the first compensation circuit is configured to

generate the compensation signal based on a compo-
nent of the receive signal received from the interferer,
and

wherein the second compensation circuit is configured to

generate the compensation signal based on only a-priori
knowledge of at least one broadcast channel carrying
the broadcast data, or based on a detection of symbols
in the receive signal which represent the broadcast data,
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wherein the detection of symbols is based on only the
a-priori knowledge of the at least one broadcast chan-
nel.

18. The method of claim 17, wherein determining the
composition of the receive signal is based on a ratio of the
pilot power of the component of the receive signal to the
total power of the component of the receive signal.

19. The method of claim 18, wherein selecting the first
compensation circuit or the secand compensation circuit
comprises selecting the second compensation circuit if the
ratio is above a threshold value.

20. The method of claim 17, wherein determining the
composition of the receive signal is based on a number of
downlink channels in the receive signal which are allocated
to the interferer.

21. The method of claim 20, wherein selecting the first
compensation circuit or the second compensation circuit
comprises selecting the second compensation circuit if the
number of downlink channels is below a threshold value.

22. The method of claim 17, wherein the method further
comprises:

redetermining the composition of the receive signal; and

selecting the first compensation circuit or the second

compensation circuit for supplying the compensation
signal to the combination circuit based on the redeter-
mined composition.
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