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(57) ABSTRACT

A method and a network node (110) for determining an indi-
cation of interference mitigation in a receiver comprised in a
user equipment (120) are provided. The network node (110)
receives, from the user equipment (120), a first set of mea-
sures and a second set of measures. The first set of measures
relates to a signal received by the user equipment (120) and
the second set of measures relates to the same signal. The first
set of measures was obtained by the user equipment (120)
prior to processing of the signal in the receiver, and the second
set of measures was obtained by the user equipment (120)
after processing of the signal in the receiver. Next, the net-
work node (110) determines (202) the indication of interfer-
ence mitigation based on the first and second sets of mea-
sures.
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METHOD AND A NETWORK NODE FOR
DETERMINING AN INDICATION OF
INTERFERENCE MITIGATION

TECHNICAL FIELD

[0001] The present disclosure relates to the field of tele-
communication systems. In particular, the present disclosure
relates to a network node and a method therein for determin-
ing an indication of interference mitigation in a receiver com-
prised in a user equipment.

BACKGROUND

[0002] Performance of many existing wireless systems,
such as telecommunication systems or cellular radio commu-
nication systems, may be limited by interference from differ-
ent radio devices, such as radio base stations. To combat
effects of this interference, several so called interference miti-
gation techniques have been proposed.

[0003] According to some interference mitigation tech-
niques, the interference mitigation is achieved though
receiver design. Receiver design refers to design of a receiver
comprised in a user equipment. Such a receiver uses for
example interference rejection combining (IRC), successive
interference cancellation (SIC) or the like to mitigate inter-
ference in a signal received by the receiver.

[0004] According to some other interference mitigation
techniques, the interference mitigation is performed though
radio resource management (RRM). Known RRM schemes
for interference mitigation include for example different
inter-cell interference coordination (ICIC) scheduling algo-
rithms, employing fractional frequency division and appro-
priate power control mechanisms.

[0005] It should be noted that interference mitigation
through receiver design is typically independent whether
uplink or downlink is considered. The downlink refers to a
signal received by the user equipment and the uplink refers to
a signal transmitted by the user equipment. However, the
ICIC scheme is different in downlink as compared to uplink,
because in the downlink the interference originates from sur-
rounding base stations, whereas in the uplink the interference
originates from other surrounding user equipments, i.e. rela-
tive locations of user equipments in uplink affects the ICIC
scheme resulting in higher other cell interference variance.
[0006] A known RRM scheme for interference mitigation,
or interference management, is soft frequency reuse. In FIG.
1, a block diagram illustrating soft frequency reuse is shown.
According to soft frequency reuse, a base station divides an
available scheduling bandwidth, i.e. a certain frequency
range, into two or more, not necessarily equal, portions. See
portions CB11, CB12, CB21 and CB22 in FIG. 1. For
example, a cell-edge portion CB11 of the scheduling band-
width for a first cell C1 is defined and allocated to cell-edge
users and similarly a cell-center portion CB12 of the sched-
uling bandwidth for the first cell C1 is defined and is allocated
to cell-center users. Similarly, a further cell-edge portion
CB21 and a further cell-center portion CB22 of the schedul-
ing bandwidth for a second cell C2 are defined. The base
station schedules its so called cell-edge users on the cell-edge
portion CB11. The cell-edge users are typically located close
to, or in the vicinity of, a cell border of the first cell operated
by the base station. Thus, the base station transmits at a higher
transmit power to ensure proper reception by such cell-edge
users, i.e. user equipments at the cell edge. The base station

Sep. 18,2014

schedules its cell-center users on the cell-center portion CB2.
Thus, the base station can transmit at a lower power compared
to the higher transmit power for the user equipments at the
cell-edge. In order to mitigate interference towards the cell-
edge users, the cell-edge portions CB11, CB21 are selected to
be non-overlapping in terms of frequency for the first and
second cells C1, C2, which typically are neighboring cells. In
this manner, interference from transmissions of the second
cell C2, towards a cell-edge user, camping on the first cell C1,
will be mitigated. The second cell may be operated by the
base station or by a neighboring base station. As a result,
performance in terms of for example throughput will increase
for the cell-edge user of cell C1.

[0007] A known Long Term Evolution (LTE) system com-
prises a base station, such as an eNB, utilizing soft frequency
reuse. A first and a second user equipment are served by the
base station. The first user equipment comprises an advanced
receiver employing IRC or SIC. The second user equipment
comprises a receiver without IRC or SIC. Hence, the LTE
system comprises user equipments whose receivers are dif-
ferent in terms of interference mitigation. This may cause
ambiguity in the network, i.e. in the LTE system.

SUMMARY

[0008] An object is to reduce ambiguity in a radio commu-
nication system, such as the LTE system mentioned above.

[0009] According to an aspect, the object is achieved by a
method in a network node for determining an indication of
interference mitigation in a receiver comprised in a user
equipment. It is noted here that the term interference mitiga-
tion is the generic term used so as to describe any receiver
processing mechanism for mitigating, cancelling, removing,
subtracting or minimizing interference at the receiver by
employing signal processing. The network node receives,
from the user equipment, a first set of measures and a second
set of measures. The first set of measures relates to a signal
received by the user equipment and the second set of mea-
sures relates to the same signal. The first set of measures was
obtained by the user equipment prior to processing of the
signal in the receiver and the second set of measures was
obtained by the user equipment after processing of the signal
in the receiver. The network node determines the indication of
interference mitigation based on the first and second sets of
measures.

[0010] According to another aspect, the object is achieved
by a network node for determining an indication of interfer-
ence mitigation in a receiver comprised in a user equipment.
The network node comprises a receiver configured to receive,
from the user equipment, a first set of measures and a second
set of measures. The first set of measures relates to a signal
received by the user equipment and the second set of mea-
sures relates to the same signal. The first set of measures was
obtained by the user equipment prior to processing of the
signal in the receiver and the second set of measures was
obtained by the user equipment after processing of the signal
in the receiver. Moreover, the network node comprises a
processing circuit configured to determine the indication of
interference mitigation based on the first and second sets of
measures.

[0011] Embodiments herein provide a solution for deter-
mining the indication of interference mitigation in the
receiver of the user equipment. The indication of interference
mitigation is determined based on the first and second sets of
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measures. The first and second sets of measures are reported,
by the user equipment, to the network node, such as a radio
base station.

[0012] As anon-limiting example, the first set of measures
may be Reference Signal Received Power (RSRP) and the
second set of measures may be Channel State Information
(CSD.

[0013] The first and second sets of measures relate to a
signal received by the user equipment. The first set of mea-
sures, such as RSRP, was obtained by the user equipment
prior to processing of the signal in the receiver. The second set
of measures, such as CSI, is obtained by the user equipment
after processing of the signal in the receiver. As an example,
the processing of the signal in the receiver includes process-
ing for mitigating interference. Thus, the network node deter-
mines the indication of interference mitigation in the receiver
based on the first and second set of measures. As an example,
the indication indicates level, or amount, of interference miti-
gation performed by the receiver. As a further example, the
indication indicates existence of interference mitigation in
the receiver.

[0014] Inthis manner, the indication can provide a measure
of efficiency of the interference mitigation performed in the
receiver. As another example, the indication indicates exist-
ence of interference mitigation, i.e. the indication may indi-
cate that the receiver employs SIC, IRC or the like, or that the
receiver does not employ SIC, IRC or the like. Accordingly,
the indication may be an indication of a receiver type com-
prised in the user equipment, such as receiver employing SIC,
IRC or the like. In this manner, the network node is provided
with information regarding interference mitigation per-
formed by the receiver. As a result, the above mentioned
object is achieved.

[0015] Advantageously, embodiments herein provide
means for determining the indication of interference mitiga-
tion without necessarily requiring the user equipment to send
dedicated information about interference mitigation per-
formed by the receiver. In some scenarios, this means that the
solution presented herein is backward compatible with regard
to functionality in the user equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The various aspects of embodiments disclosed
herein, including particular features and advantages thereof,
will be readily understood from the following detailed
description and the accompanying drawings, in which:

[0017] FIG. 1 shows a block diagram illustrating soft fre-
quency reuse,
[0018] FIG. 2 shows a schematic overview of an exempli-

fying radio communication system in which exemplifying
methods according embodiments herein may be imple-
mented,

[0019] FIG. 3a shows a schematic, combined signalling
scheme and flowchart of a first non-limiting exemplifying
method performed in the radio communication system
according to FIG. 2,

[0020] FIG. 3b shows a schematic, combined signalling
scheme and flowchart of a second non-limiting exemplifying
method performed in the radio communication system
according to FIG. 2,

[0021] FIG. 3¢ shows a schematic flowchart of a non-lim-
iting exemplifying method performed in the network node
shown in FIG. 2,
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[0022] FIG. 3d shows a schematic, combined signalling
and flowchart of the exemplifying methods performed in the
radio communication system according to FIG. 2,

[0023] FIG. 4 shows a schematic flowchart of the methods
of FIG. 3a-3d when seen from the network node,

[0024] FIG. 5 shows a schematic block diagram of an
exemplifying network node configured to perform the meth-
ods illustrated in FIG. 4,

[0025] FIG. 6 shows a schematic flowchart of the methods
of FIG. 3a-3d when seen from the second eNB, and

[0026] FIG. 7 shows a schematic block diagram of an
exemplifying network node neighboring to the network node
configured to perform the methods illustrated in FIG. 6.

DETAILED DESCRIPTION

[0027] Throughout the following description similar refer-
ence numerals have been used to denote similar elements,
network nodes, parts, items or features, when applicable. In
the Figures, features that appear in some embodiments are
indicated by dashed lines.

[0028] FIG. 2 shows aradio communication system 100. In
this example, the radio communication system 100 is a LTE
system 100. In other examples, the radio communication
system may be a Global System for Mobile communications
(GSM) system, High Speed Packet Access (HSPA) system,
WiMax, or the like.

[0029] The LTE system 100 comprises a first eNB 110
(evolved-Node B) as an example of the network node. In other
examples, the network node may be a radio network control-
ler (RNC), a base station controller (BSC), a Node B or the
like.

[0030] The first eNB 110 operates a cell, wherein a cell-
center portion of the cell is denoted Z1 and a cell-edge portion
of the cell is denoted Z2.

[0031] Furthermore, the LTE system 100 comprises a sec-
ond eNB 130. As an example, the second eNB 130 is a
neighbor to the first eNB 110.

[0032] In addition, the LTE system 100 comprises a user
equipment 120. The user equipment 120 is served by the first
eNB. The user equipment 120 may be a mobile phone, a
cellular phone, a Personal Digital Assistant (PDA) equipped
with radio communication capabilities, a smartphone, a lap-
top equipped with an internal or external mobile broadband
modem, a portable electronic radio communication device, a
wireless tablet, or the like. In some examples, the user equip-
ment 120 is located in the cell-center portion 21 of the cell.
[0033] A first arrow Al indicates that the user equipment
120 and the first eNB 110 are configured to communicate with
each other through a radio interface, such as Evolved Univer-
sal Terrestrial Radio Access Network (EUTRAN) for LTE.
[0034] A second arrow A2 indicates that the user equipment
120 may measure on signals received from the second eNB
130.

[0035] A third arrow A3 indicates that the first eNB 110 and
the second eNB 130 are configured to communicate with each
other through a communication interface, such as X2 in LTE.
X2 is known from 3GPP terminology.

[0036] FIG. 3a and FIG. 36 show schematic, combined
signalling schemes and flowcharts of exemplifying methods
performed inthe LTE system 100. The first eNB 110 performs
exemplifying methods for determining the indication of inter-
ference mitigation in the receiver comprised in the user equip-
ment 120. The user equipment 120 may be served by the first
eNB 110.
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[0037] It shall be noted that interference mitigation may
also be referred to as interference cancellation or interference
suppression and it describes any receiver type capable of
subtracting, removing, suppressing or minimizing other cell
interference by means of adequate signal processing.

[0038] According to a first non-limiting example,
described with reference to FIG. 3a, the first set of measures
is a set of RSRP reports and the second set of measures is a set
of CSI reports. Thus, an example of a measure of the first set
is a RSRP measurement and an example of a measure of the
second set is a measurement on which CSI is based. RSRP
reports and CSI reports are known from 3GPP terminology.

[0039] CSI is calculated, by the user equipment 120, and
reported to the first eNB 110 in such a way that the first eNB
110 does not have to be aware of the receiver of the user
equipment, i.e. interference cancellation capabilities of the
user equipment 120 should be reflected in the reported CSI
values. This means that the CSI values are post receiver
processing values. On the other hand, RSRP is measured prior
to the receiver processing chain, i.e. prior to receiver process-
ing. However, RSRP values are typically filtered in order to
mainly reflect slow fading only. Therefore, a direct utilization
and a direct comparison between CSI and RSRP are not
possible. In the first non-limiting example, it is presented how
to determine the indication, or deduce information on inter-
ference mitigation, by appositely dealing with this mismatch
in filtering.

[0040] The following actions are performed. Notably, in
some embodiments of the method the order of the actions may
differ from what is indicated below.

Action A01

[0041] The set of RSRP reports includes RSRP measure-
ments, performed by the user equipment 120, towards a serv-
ing cell, e.g., the first eNB 110, and at least one neighboring
cell, e.g. the second eNB 130. It may be noted that the RSRP
reports are typically based on measurements of reference
signals, such as cell specific reference symbols (CRS). The
RSRP reports, indicating signal strength, are obtained priorto
processing by the receiver in the user equipment 120.

[0042] The user equipment 120 sends the set of RSRP
reports and the first eNB 110 receives the set of RSRP reports.

Action A02

[0043] The set of CSI reports are generated by the user
equipment 120 as is known in the art. The CSI reports, indi-
cating channel quality, are obtained after processing by the
receiver of the user equipment 120.

[0044] Theuser equipment 120 sends the set of CSI reports
and the first eNB 110 receives the set of CSI reports.

Action A03

[0045] The first eNB 110 determines the indication of inter-
ference mitigation based on the set of RSRP reports and the
set of CSI reports. As an example, the first eNB 110 filters
SINR values, obtained by converting CSI values in the CSI
reports to said SINR values, over time to obtain a time-filtered
SINR, denoted SINR ;. Then, the first eNB 110 compares
the time-filtered SINR, SINR_g,, to an estimated SINR,
denoted SINR .z, which is calculated based on the RSRP
reports as explained in the following.

[0046] The RSRP reports, or RSRP measurements, are
measurements for RSRP between the user equipment and
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different cells, i.e. the serving cell and said at least one neigh-
boring cell. The first eNB 110 uses the RSRP measurements
to calculate the estimated SINR, SINRy..., for the user
equipment 120 by dividing the RSRP for the serving cell,
denoted RSRP,, ... .., with the RSRPs for non-serving
cells, i.e. neighboring cells. The RSRPs for non-serving cells
are denoted RSRP, .. ;0. conse In some examples, an
assumed noise may be added to the RSRP for non-serving
cells, RSRP, . 710, cons- The assumed noise, L., mea omses
may be calculated using a noise figure which typically may be
9 dB. This calculation is known in the art. The estimated
SINR, SINR ¢ » should preferably be multiplied by a factor,
denoted F, indicating an assumed number of receive antennas
of'the user equipment 120. In some examples, the factor, F, is
reported by the user equipment. Since many user equipments
have two receive antennas, a typical value of the factor, F, is
two, or 2. The estimated SINR, SINR ;¢ », is then calculated
without applying any interference cancellation algorithm.
The following exemplifying equation may be used:

SINR gszp=RSRP

sumed

J(RSRP,

serving__cell

neighbor_cellstLas

Eq. I

' noise) I

[0047] Itshall here be noted that the equation is in the linear
domain, whereas a value expressed in dB is in the dB-domain
(logarithmic domain). Therefore, RSRP RSRP-

serving__celld

weighbor_cetts A Lyggeq noise should be expressed in Watts
(W)
[0048] As mentioned above, the time-filtered SINR, SIN-

Ry 1s generated by the first eNB 110 based on the CSI
reports. The time-filtered SINR, SINR ., can be compared to
the estimated SINR, SINRy., after conversion into dB
(logarithmic domain).

[0049] If the time-filtered SINR, SINR ., is close to the
estimated SINR, SINRzqzp, the user equipment 120 does
probably not apply any interference cancellation algorithm.
Thus, the indication is set accordingly. It is noted here that the
estimated SINR, SINR ; ¢z, and the time-filtered SINR, SIN-
R, values are close when the absolute difference of these
two values is smaller than K dB, where K is in the order of 1-2
dB. If the time-filtered SINR, SINR ¢, is significantly larger
than the estimated SINR, SINR .., it may be a sign of that
the user equipment 120 probably is applying an interference
cancellation algorithm. Again, the indication shall be set
accordingly.

[0050] Insome examples, theuser equipment 120 is located
in the cell-edge portion 72 of the cell. For example the dif-
ference between the time-filtered SINR, SINR_ ., and the
estimated SINR, SINR ., for user equipments located in
the cell-edge portion Z2 of the cell may be larger than the
difference between the time-filtered SINR, SINR ., and the
estimated SINR, SINR ¢z 5, for user equipments located in
the cell-center portion Z1, which user equipments are
equipped with interference mitigation capable receivers.
Hence, in these examples where the user equipment 120 is
located in the cell-edge portion Z2 of the cell, the impact of
interference mitigation may be larger. As a result, detection of
interference mitigation may easier and/or more accurate.

[0051] According to a second non-limiting example,
described with reference to FIG. 35, the first set of measures
is a set of RSRP reports and the second set of measures is a set
of CSI reports as in the first non-limiting example. In the
second non-limiting example, there is presented an alterna-
tive, or additional, solution for eliminating the mismatch in
filtering between CSI and RSRP.
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[0052] The following actions are performed. Notably, in
some embodiments of the method the order of the actions may
differ from what is indicated below.

Action B00

[0053] The first eNB 110 sends, to the user equipment 120,
amessage for configuring a set of filter values. The set of filter
values relates to how the user equipment 120 performs RSRP
measurements. In 3GPP terminology, the set of filter values
are referred to as L3 filter values. In order to be able to
compare the RSRP reports to the CSI reports, the L3 filter
values shall be chosen such that filtering of RSRP measure-
ments over time does not take place. This message may be
sent to the user equipment 120 only once, i.e. the message
configures the RSRP measurements once per each user equip-
ment. Namely, the first eNB 110 requests user equipments
120 entering its, i.e. the first eNB’s, coverage area and having
an RSRP from the serving cell below a threshold value,
denoted RSRP ;... 701 t0 report an event E2. When the event
E2 is reported, it means that the RSRP of the UE to its serving
cell is worse than a threshold value RSRP ;... .00

[0054] Ifthe threshold value RSRP,,, .., for event E2 is
set at a high value, it would trigger a high number of mea-
surements reporting event E2. Hence, even user equipments
not located at the cell-edge area of the cell can report RSRP
and CSI values and interference cancellation capabilities, or
interference mitigation capabilities, in the receiver may be
detected, or determined also for those user equipments.
[0055] Incase anoperatoris concerned about the amount of
signaling created due to RSRP and CSI reports, the operator
can set the threshold value for the event E2 at the same value
as for the threshold used for separating cell-edge to non-cell-
edge user equipments. In this case, only user equipments
located in the cell-edge zone, or cell-edge portion, report
RSRP and CSI. Once the user equipment capability in miti-
gating interference is assessed, the first eNB 110 can modify
the threshold for reporting of the event E2, or simply it can
change the measurement configuration so as user equipments
do not report E2. The same applies to the L3 filter values, or
layer 3 filtering parameters. They can be set to the normal
layer 3 filtering parameters after the indication has been deter-
mined.

Action B01

[0056] Now that the message has configured the RSRP
reports in action B00, this action, i.e. action B01, is performed
as in the first non-limiting example. Thanks to the message in
action BOO, the first eNB 110 has requested the user equip-
ment 120 to report CSI for the time instants, such as sub-
frames, for which RSRP measurements are done without
filtering over time. A number of measurement reports relating
to RSRP and CSI can be used so as to perform comparisons
between these values and estimate the indication of interfer-
ence mitigation in the receiver of the user equipment, or the
user equipment receiver.

[0057] Theuser equipment 120 sends and the first eNB 110
receives the set of RSPR reports. Again, it may be noted that
the RSRP reports have been performed without filtering over
time.

Action B02

[0058] Theuser equipment 120 sends the set of CSI reports
and the first eNB 110 receives the set of CSI reports.
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Action B03

[0059] The first eNB 110 determines the indication of inter-
ference mitigation based on the set of RSRP reports and the
set of CSI reports.

[0060] In more detail, the above mentioned Eq. 1 may be
used to obtain the indication of interference mitigation. Nota-
bly, in this example, both CSI and RSRP are not time filtered,
thereby, allowing a comparison between CSI and RSRP for a
certain time instant.

[0061] The method according to the second non-limiting
example may be more accurate than the method according to
the first non-limiting example. Moreover, the method accord-
ing to the second non-limiting example yields some addi-
tional signalling, i.e. due to the message for configuring .3
filter values, as compared to the method according to the first
non-limiting example.

[0062] Now returning to the block diagram illustrated in
FIG. 1, soft frequency reuse is depicted. Soft frequency reuse
is aknown RRM scheme. Soft frequency reuse is executed by
a base station, such as the first eNB, for mitigating interfer-
ence. The block diagram illustrates an exemplifying way of
dividing a scheduling bandwidth into cell-edge portions
CB11, CB21 and cell-center portions CB12, CB22 for the
first and second cells C1, C2, respectively. As discussed in the
background section, a radio communication system employ-
ing an interference management technique, such as soft fre-
quency reuse, may suffer from one or more disadvantages.
Especially, the following disadvantages have been identified
in case the radio communication system comprises user
equipments being different from each other in terms of what
type of receiver is comprised in the user equipment. Herein,
different type of receiver refers to the receiver’s capability of
mitigating interference.

[0063] A disadvantage is that frequency diversity for user
equipments is decreased even though user equipments, hav-
ing receivers utilizing IRC, SIC or the like, would tolerate
more interference. These user equipments need not be con-
fined to the cell-edge portion CB11 when being served by the
first cell C1. Similarly, these user equipments need not be
confined to the cell-edge portion CB21 when being served by
the second cell C2.

[0064] Another disadvantage is that scheduling performed
by the first eNB 110 is less flexible. In the presence of many
cell-edge user equipments per cell, and given that the cell-
edge band typically represents 1/3 of the scheduling band-
width, the cell-edge band may easily be fully allocated by
data to receive, i.e. some data may need to be scheduled to a
subsequent scheduling interval, such as a subsequent sub-
frame. The ratio 1/3 relates to that the scheduling bandwidth
typically is divided by three base stations being neighbors to
each other.

[0065] In a further non-limiting example, with reference to
FIG. 3¢, there is presented how to overcome the above men-
tioned disadvantages.

[0066] The following actions may be performed.
Action C01
[0067] Thefirst eNB obtains the indication by means of any

one of the methods presented as the first and second non-
limiting example. In any of the manners described as the first
and second non-limiting example, the first eNB 110 is able to
determine the indication of interference mitigation. It is from
here on, within this example, assumed that the indication
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indicates that the user equipment 120 comprises a receiver
which performs interference mitigation, such as IRC or SIC.
Thus, this action corresponds to actions A01, A02, A03, B01,
B02 and/or B03.

[0068] As an alternative to, or an addition to, the methods
presented as the first and second non-limiting example, the
first eNB 110 may request the user equipment 120 to report its
receiver capability. The receiver capability may be reported
by means of the indication of interference mitigation. Differ-
ent values of the indication may be designated to SIC, IRC
and the like, respectively. Alternatively, the indication may
represent a level of interference mitigation performed by the
receiver of the user equipment 120.

Action C02

[0069] The first eNB 110 uses the indication for managing
radio resources handled by the first eNB 110. As an example,
the first eNB 110 schedules a downlink transmission to the
user equipment 120 while taking the indication into account.

[0070] This may for example mean that, the first eNB 110
allows the user equipment 120 to be scheduled in any portion
of the scheduling bandwidth even if the user equipment 120
has been identified, by the first eNB 110, as being a cell-edge
user.

[0071] In case frequency diversity for the user equipment
120 needs to be improved, e.g. increased, the possibility to
schedule the user equipment 120 in any portion of the sched-
uling bandwidth allows for use of a wider frequency range.
Thus, providing means for increasing frequency diversity for
the user equipment 120. As a result, the above mentioned
disadvantage of lost frequency diversity is mitigated.

[0072] In case there is a shortage of radio resources in the
cell-edge portion, the possibility to schedule the user equip-
ment 120 in any portion of the scheduling bandwidth
increases the amount of radio resources available to cell-edge
users which need to be confined to the cell-edge portion.
Typically, users, or rather user equipments, that need to be
confined to the cell-edge portion do not perform interference
mitigation. Thereby, the above mentioned disadvantage of
less flexible scheduling is overcome.

[0073] To conclude this further non-limiting example, the
firsteNB 110, in particular, the scheduler of the firsteNB 110,
is able to exploit information about the type of receiver, such
as the indication of interference mitigation, for scheduling
and/or interference mitigation purposes. Having the informa-
tion about the type of receiver, or information about user
equipment receiver capabilities, the first eNB 110 is able to
use this as an input when scheduling the user equipment 120.
For instance, if the user equipment 120 is known to have an
interference-mitigating receiver, it will be able to tolerate and
handle higher interference compared to other user equip-
ments. This means that the user equipment 120 with interfer-
ence-mitigating receiver does not need to be limited to the
cell-edge band of the spectrum, e.g. the scheduling band-
width, even though it has a low RSRP. Such an approach will
then allow for more freedom and frequency diversity for the
user equipment 120, while at the same time freeing up more
radio resources in the cell-edge band for users, e.g. user
equipments, that have a low RSRP and comprise conventional
receivers, i.e. 10 IRC or SIC. When the needed cell-edge band
per cell is not high, this has the main advantage of making it
much simpler for different cells to perform ICIC.
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Action C03

[0074] The first eNB 110 sends a scheduling grant to the
user equipment 120. In this manner, the user equipment 120 is
instructed by the first eNB 100 to transmit as determined by
the scheduling grant, which is determined while taking the
indication into account.

[0075] An advantage is that frequency diversity for user
equipments is increased by allowing user equipments, having
receivers utilizing IRC, SIC or the like, to be allocated to any
portion of the first cell C1, i.e. both the cell-edge portion and
the cell-center portion. Similarly, these user equipments need
not be confined to the cell-edge portion CB21 when being
served by the second cell C2.

[0076] Another advantage is that scheduling performed by
the first eNB 110 is more flexible. In the presence of many
cell-edge user equipments per cell, and given that the cell-
edge portion typically represents 1/3 of the scheduling band-
width, the cell-edge band may easily be fully allocated by
datato receive. However, the scheduler may take advantage of
the knowledge about interference mitigation user equipments
with receivers utilizing IRC, SIC or the like, and accordingly
the scheduler schedules such user equipments to the cell-
center portion if the cell-edge portion is fully allocated.
[0077] Advantages of the further non-limiting example
include, some of which has been mentioned above:

[0078] More flexibility and simplicity in the scheduler of
the first eNB since user equipments with interference-
mitigating receivers can cope with interference without
special help from RRM schemes.

[0079] Higher frequency diversity and potentially less
delay for user equipments with interference-mitigating
receivers as these do not need to be confined to the
cell-edge band, or cell-edge portion, of the spectrum.

[0080] Potentially more spectrum available for cell-edge
users that do not have interference-mitigating receivers.

[0081] Simpler ICIC as cell-edge user equipments with
interference-mitigating receivers do not need to be
scheduled in the cell-edge band, leading to an easier
coordination between different cells.

[0082] Now continuing with a more general description of
the exemplifying methods indicated by the schematic, com-
bined signalling scheme and flowchart of FIG. 34, in which
the network node 110 performs exemplifying methods for
determining the indication of interference mitigation in the
receiver comprised in the user equipment 120. The user
equipment 120 may be served by the first eNB 110.

[0083] In some embodiments, the network node 110 is an
evolved-NodeB.

[0084] In some embodiments, the first and second sets of
measures comprise one or more measures. Each measure
corresponds to a measurement towards the network node 110
or a network node neighboring to the network node 110.
[0085] Insomeembodiments, the first set of measures com-
prises reference signal received power, reference signal
received quality or received signal strength, and the second
set of measures comprises, or is based on, channel state infor-
mation (CSI) or channel quality indicator (CQI). In more
detail, the second set of measures is a set of SINR values
obtained by converting the CSI to SINR values.

[0086] In some embodiments, the user equipment 120 is
located in a cell edge zone of a cell operated by the network
node 110.

[0087] In some embodiments, the network node 110 oper-
ates in one of the following modes, or transmission modes:
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open loop Multiple-Input-Multiple-Output (MIMO) trans-
mission mode, single antenna transmit mode, and transmit
diversity mode. Thus, according to these embodiments, it is
avoided that precoding gain used for example with closed-
loop MIMO is included in the time-filtered CSI, denoted
SINR_CSI. Precoding gain is not used with any of the afore-
mentioned modes of transmission. Therefore, when the first
eNB 110 is requesting the user equipment 120 to measure CSI
and RSRP such as to assess, or determine, the indication, aka
the existence or level of IC capability in the user equipment
120, the first eNB 110 transmits by applying one of the
transmission modes mentioned above: single antenna, trans-
mit diversity, or open loop MIMO mode.

[0088] It may be noted that the user equipment’s receiver
type, such as a receiver employing SIC or IRC, is an intrinsic
characteristic of the hardware comprised in the user equip-
ment. Therefore, it is sufficient for the first eNB 110 to esti-
mate the indication once, i.e. estimate the receiver type. Fur-
thermore, it is sensible to assume that the first eNB 110 can
estimate whether the user equipment 120 has a receiver
capable of mitigation interference or not when the first eNB
110 is not using a closed loop MIMO transmission mode. The
interference mitigation performed by the user equipment may
in some occasions be switched on or off. This could lead to
errors if the determining of the indication is performed when
the interference mitigation is switched off. However, the time
instants during which the interference mitigation may be
switched off are typically time instants with low data rates to
the user equipment. Hence, the first eNB 110 is aware of these
time instants and performs the determination ofthe indication
accordingly.

[0089] For the purpose of completeness, it may be said that
IRC is a technique that requires multiple antennas at the
receiver and consists of choosing the receiver parameters
based not only on the desired signal’s channel, i.e. as done
conventionally in e.g. maximum ratio combining (MRC), but
also on the covariance matrix of noise plus interference or the
covariance matrix of interference.

[0090] Moreover, SIC is a technique that also requires mul-
tiple antennas at the receiver and typically consists of an
iterative approach of e.g. removing an estimated value of an
interfering signal from a total received signal plus interfer-
ence, before making an attempt at decoding the desired sig-
nal.

[0091] One or more of the following actions may be per-
formed. Notably, in some embodiments of the method the
order of the actions may differ from what is indicated below.

Action 200

[0092]

[0093] The network node 110 sends, to the user equipment
120, a message for configuring a set of filter values.

This action corresponds to action B00.

Action 201

[0094] This action corresponds to action A01, A02, BO1
and/or B02.

[0095] The network node 110 receives and the user equip-
ment 120 sends a first set of measures and a second set of
measures. The first set of measures relates to a signal received
by the user equipment 120 and the second set of measures
relates to the same signal. The first set of measures was
obtained by the user equipment 120 prior to processing of the
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signal in the receiver and the second set of measures was
obtained by the user equipment 120 after processing of the
signal in the receiver.

[0096] The expressions “processing of the signal in the
receiver”, “receiver processing” and the like are interchange-
ably used. These expressions shall be understood to include
any processing, performed by the receiver, whose purpose is
to improve quality of the received signal. Such processing
includes filtering, cancelling, mitigating, minimizing or sub-
tracting of inference, noise and the like.

Action 202

[0097] This action corresponds to action A03, B03 and/or
Cco1.

[0098] The network node 110 determines the indication of

interference mitigation based on the first and second sets of
measures. In some examples, the network node 110 deter-
mines the receiver type based on the first and second sets of
measures.

[0099] In some embodiments, the determining 202 com-
prises setting the indication based on a difference between a
first value indicating signal quality of the received signal and
a second value indicating signal quality of the received signal,
the first value is based on the first set of measures and the
second value is based on the second set of measures. As an
example, the indication may indicate a level, or a amount, of
interference mitigation. The level may be expressed in dB.
[0100] In some embodiments, the determining 202 is per-
formed by comparing the difference to a threshold value, such
as 1-2 dB. Theoretically, when the difference is greater than
zero, it is assumed that the user equipment comprises a
receiver with interference mitigation capability, such as SIC
or IRC. However, due to estimation errors and the like, the
threshold can be setto 1-2 dB, or slightly higher if the network
wants to have a clear indication of interference mitigation
mechanism within a given user equipment. Furthermore, the
difference reflects the level of interference mitigation
required in order to consider it worthwhile to have an impact
on for example scheduling. A high threshold value, such as 6
dB, may lead to that some user equipments erroneously are
considered to lack interference mitigation capabilities. Fur-
thermore, the network node 110 performs a first action of
setting the indication to indicate that interference mitigation
is performed by the receiver when the difference is greater
than the threshold value, or a second action of setting the
indication to indicate that interference mitigation is non-ex-
istent in the receiver when the difference is less than the
threshold value. As an example, the indication may in this
embodiment indicate existence of interference mitigation in
the receiver.

[0101] In some embodiments, the first value is calculated
by means of the first set of measures when the first set of
measures was measured by the user equipment 120 while
filtering over a first time period. The first time period may
comprise a plurality of time frames, such as subframes. The
second value is obtained by filtering, by the network node
110, the second set of measures over a second time period. A
second distance in time between the second time period and
the first time period is less than a second threshold value. As
an example, the second threshold value may be set such that
the second time period at least partly overlaps with the first
time period. The second time period may comprise a plurality
oftime frames, such as subframes. It may be preferred that the
first and second time periods are the same time period. In this
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manner, accuracy of the difference between the first and sec-
ond values may be improved as compared to when the first
time period and second time period is only slightly overlap-
ping, or even not overlapping at all. Each measure of the
second set corresponds to a corresponding time frame of the
second time period. As an example, each CSI report corre-
sponds to, oris obtained during, a subframe within the second
time period.

[0102] In some embodiments of the method, the first value
is a signal-to-interference-and-noise-ratio or a signal-to-in-
terference-ratio. These embodiments correspond to the first
non-limiting example above.

[0103] In some embodiments, the first value is calculated
by means of the first set of measures when each measure of
the first set of measures was measured by the user equipment
120 during a first time frame. The first set of measures was
measured during the time frame no filtering over a plurality of
time frames takes place. The second value is based on the
second set of measures. The second set of measures was
measured by the user equipment 120 during a second time
frame. A first distance in time between the first time frame and
the second time frame is less than a first threshold value.
[0104] As anexample, the first and second time frames may
be subframes known from 3GPP terminology. It may be pre-
ferred that the first and second time frames are the same time
frame. In this manner, accuracy of the different between the
first and second values may be improved as compared to when
different time frames are used for the first and second set of
measures, respectively.

[0105] In other examples, the first time frame and the sec-
ond time frame may be comprised in a range of time frames,
such as 10 subframes. In these examples, the measurements,
pertaining to the first and second sets, may originate from
different subframes among those subframes comprised in the
time frame. These examples allow more flexible measure-
ments, since the first time frame and the second time frame
only are required to be within the range mentioned above. The
range provides a margin, such as the first threshold, for a
distance in time between the first and second time frames. As
above, the first threshold may be set such that the first distance
in time is less than 10 subframes.

[0106] Insome embodiments, the first value is a signal-to-
interference-and-noise-ratio calculated by means of the first
set of measures or a signal-to-interference-ratio calculated by
means of the first set of measures. These embodiments cor-
respond to the second non-limiting example above.

Action 203

[0107] In some embodiments, the network node sends the
indication to a network node neighboring to the network node
110. The network node neighboring to the network node 110
may be the second eNB 130. In this manner, exchange of
information about the user equipment 120 as indicated by the
indication between the first and second eNBs 110, 130 are
provided. The information may be exchanged via the com-
municating interface X2 or S1.

[0108] In examples, the indication is expressed as the
receiver type, the network node 110 sends the receiver type to
the network node neighboring to the network node 110, such
as the second eNB 130.

Action 204

[0109] In some embodiments, the network node 110 uses
the indication, such as the receiver type, for managing radio
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resources handled by the network node 110. Expressed dif-
ferently, the network node 110 considers the indication, such
as the receiver type, when managing radio resources.
[0110] The use ofthe indication comprises one or more of:
[0111] Scheduling a downlink transmission to the user
equipment 120 while taking the indication into account,
[0112] Sending a message, to the user equipment 120,
the message instructs the user equipment to perform or
not to perform interference mitigation, e.g. switch on or
off interference mitigation capability,
[0113] Balancing load on the network node 110 while
taking the indication into account, and
[0114] Selecting a cell selection offset while taking the
indication into account.
[0115] As an example, load balancing can be achieved by
setting the appropriate cell selection offset.
[0116] A highly loaded macro cell can make the decision
for moving user equipments at the cell edges to the extended
cell range of neighbor pico cells, if those user equipments can
support interference mitigation of cell reference signal trans-
missions from neighboring cells. Otherwise, if it is not very
likely that the user equipment supports the interference miti-
gation of cell reference signal transmissions from neighbor-
ing cells, this user equipment will not be able to decode
PDCCH from the pico, and it will be probably heavily inter-
fered. The macro cell can then instead make the decision, not
to move the user equipment to the extended cell range of
neighbor pico cells.
[0117] Another example, where this knowledge of interfer-
ence mitigation of a user equipment is used so as to set
appropriately cell selection offset, is in case of homogeneous
networks, or in general when the neighbor cells are of the
same size, e.g. macro cells. Consider the following scenario.
The serving macro cell A is low loaded and a given user
equipment has reported better RSRP from the neighbor
macro cell B. In normal circumstances the user equipment
should have been moved from cell A to cell B. However, cell
B is heavily loaded. In case this present user equipment sup-
ports interference mitigation, it can remain in cell A, since cell
A can handle interference from cell B and other neighbors. In
case, a second user equipment is in a similar location or
position but does not support interference mitigation, then the
macro cell A hands over this second user equipment to macro
neighbor cell B.

Action 205

[0118] The second eNB 130 uses the indication for manag-
ing radio resources handled by the second eNB 130. This
action is similar to action 204, but here in action 205 the
second eNB manages the radio resources while taking the
indication, such as the receiver type, into consideration.
[0119] Theuse of the indication may comprise one or more
of:
[0120] Scheduling a downlink transmission to the user
equipment 120 while taking the indication into account,
[0121] Sending a message, to the user equipment 120,
the message instructs the user equipment to perform or
not to perform interference mitigation, e.g. switch on or
off interference mitigation capability,
[0122] Balancing load on the network node 110 while
taking the indication into account, and
[0123] Selecting a cell selection offset while taking the
indication into account.
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[0124] As an example, the indication may be transmitted to
the second eNB 130 along with the physical resource blocks
which are granted to the user equipment. Neighboring base
stations, such as the second eNB 130, may use this informa-
tion when setting transmit power, or transmission power, on
these designated physical resource blocks. For example, the
transmit power may be increased on the designated physical
resource blocks when the user equipment 120 comprises a
receiver employing IRC or SIC as indicated by the indication.
[0125] In FIG. 4, an exemplifying, schematic flowchart of
the methods of FIG. 3a-3d, when seen from the network node
110, is shown. The network node 110 may be the first eNB
110 in FIG. 2. The network node 110 performs exemplifying
methods for determining the indication of interference miti-
gation in the receiver comprised in the user equipment 120.

[0126] One or more of the following actions may be per-
formed. Notably, in some embodiments of the method the
order of the actions may differ from what is indicated below.

Action 400

[0127] This action corresponds to action 200.
[0128] The network node 110 sends, to the user equipment
120, a message for configuring a set of filter values.

Action 401

[0129] This action corresponds to action 201.

[0130] The network node 110 receives a first set of mea-
sures and a second set of measures from the user equipment
120. The first set of measures relates to a signal received by
the user equipment 120 and the second set of measures relates
to the same signal. The first set of measures was obtained by
the user equipment 120 prior to processing of the signal in the
receiver and the second set of measures was obtained by the
user equipment 120 after processing of the signal in the
receiver.

Action 402

[0131] This action corresponds to action 202.

[0132] The network node 110 determines the indication of
interference mitigation based on the first and second sets of
measures.

[0133] In some embodiments, the determining 202 com-
prises setting the indication based on a difference between a
first value indicating signal quality of the received signal and
a second value indicating signal quality of the received signal,
the first value is based on the first set of measures and the
second value is based on the second set of measures. As an
example, the indication may indicate a level, or a amount, of
interference mitigation. The level may be expressed in dB.
[0134] In some embodiments, the determining 202 is per-
formed by comparing the difference to a threshold value, such
as 1-2 dB. Theoretically, when the difference is greater than
zero, it is assumed that the user equipment comprises a
receiver with interference mitigation capability, such as SIC
or IRC. However, due to estimation errors and the like, the
threshold can be set to 1-2 dB. Furthermore, the difference
reflects the level of interference mitigation required in order
to consider it worthwhile to have an impact on for example
scheduling. A high threshold value, such as 6 dB, may lead to
that some user equipments erroneously are considered to lack
interference mitigation capabilities. Furthermore, the net-
work node 110 performs a first action of setting the indication
to indicate that interference mitigation is performed by the
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receiver when the difference is greater than the threshold
value, or a second action of setting the indication to indicate
that interference mitigation is non-existent in the receiver
when the difference is less than the threshold value. As an
example, the indication may in this embodiment indicate
existence of interference mitigation in the receiver.

[0135] In some embodiments, the first value is calculated
by means of the first set of measures when the first set of
measures was measured by the user equipment 120 while
filtering over a first time period. The second value is obtained
by filtering, by the network node 110, the second set of
measures over a second time period. A second distance in
time between the second time period and the first time period
is less than a second threshold value. Each measure of the
second set corresponds to a corresponding time frame of the
second time period. In some embodiments of the method, the
first value is a signal-to-interference-and-noise-ratio or a sig-
nal-to-interference-ratio. These embodiments correspond to
the first non-limiting example above.

[0136] In some embodiments, the first value is calculated
by means of the first set of measures when each measure of
the first set of measures was measured by the user equipment
120 during a first time frame. Since the first set of measures
was measured during the time frame no filtering over a plu-
rality of time frames takes place. The second value is based on
the second set of measures. The second set of measures was
measured by the user equipment 120 during a second time
frame. A first distance in time between the first time frame and
the second time frame is less than a first threshold value. In
some embodiments, the first value is a signal-to-interference-
and-noise-ratio calculated by means of the first set of mea-
sures or a signal-to-interference-ratio calculated by means of
the first set of measures. These embodiments correspond to
the second non-limiting example above.

Action 403

[0137] This action corresponds to action 203.

[0138] In some embodiments, the network node sends the
indication to a network node neighboring to the network node
110. The network node neighboring to the network node 110
may be the second eNB 130. In this manner, exchange of
information about the user equipment 120 as indicated by the
indication between the first and second eNBs 110, 130 are
provided. The information may be exchanged via the com-
municating interface X2 or S1.

Action 404

[0139] This action corresponds to action 204.
[0140] In some embodiments, the network node 110 uses
the indication for managing radio resources handled by the
network node 110.
[0141] The use ofthe indication comprises one or more of:
[0142] Scheduling a downlink transmission to the user
equipment 120 while taking the indication into account,
[0143] Sending a message, to the user equipment 120,
the message instructs the user equipment to perform or
not to perform interference mitigation, e.g. switch on or
off interference mitigation capability,
[0144] Balancing load on the network node 110 while
taking the indication into account, and
[0145] Selecting a cell selection offset while taking the
indication into account.
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[0146] As an example, load balancing can be achieved by
setting the appropriate cell selection offset.

[0147] A highly loaded macro cell makes the decision for
moving user equipments at the cell edges to the extended cell
range of neighbor pico cells, if those user equipments can
support interference mitigation of cell reference signal (CRS)
transmissions from neighboring cells. Otherwise, if the user
equipment does not support interference mitigation of CRS
transmissions from neighboring cells very likely, this user
equipment will not be able to decode PDCCH from the pico,
and it will be probably heavily interfered.

[0148] Another example where this knowledge of IC capa-
bility of a user equipment is used so as to set appropriately cell
selection offset is in case of homogeneous networks, or in
general when the neighbor cells are of the same size, e.g.
macro cells. Consider the following scenario. The serving
macro cell A is low loaded and a given user equipment has
reportedly better RSRP from the neighbor macro cell B. In
normal circumstances the user equipment should have been
moved from cell A to cell B. However, cell B is heavily
loaded. In case this present user equipment supports IC, it can
remain in cell A, since it can handle interference from cell B
and other neighbors. In case, a second user equipment is in
similar location/position but does not support IC, then the
macro cell A hands over this second user equipment to macro
neighbor cell B.

[0149] With reference to FIG. 5, a schematic block diagram
of the network node 110, such as the first eNB 110, is shown.
The network node 110 is configured to perform the methods
in FIG. 4. The network node 110 is configured to determine
the indication of interference mitigation in the receiver com-
prised in the user equipment 120.

[0150] The network node 110 comprises a receiver 510
configured to receive, from the user equipment 120, a first set
of measures and a second set of measures. The first set of
measures relates to a signal received by the user equipment
120 and the second set of measures relates to the same signal.
The first set of measures was obtained by the user equipment
120 prior to processing of the signal in the receiver and the
second set of measures was obtained by the user equipment
120 after processing of the signal in the receiver.

[0151] Furthermore, the network node 110 comprises a
processing circuit 520 configured to determine the indication
of interference mitigation based on the first and second sets of
measures.

[0152] In some embodiments, the processing circuit 520
further is configured to set the indication based on a differ-
ence between a first value indicating signal quality of the
received signal and a second value indicating signal quality of
the received signal, the first value is based on the first set of
measures and the second value is based on the second set of
measures.

[0153] In some embodiments, the processing circuit 520
further is configured to compare the difference to a threshold
value. Moreover, the processing circuit 520 is configured to
perform one of:

[0154] setting the indication to indicate that interference
mitigation is performed by the receiver when the differ-
ence is greater than the threshold value, and

[0155] setting the indication to indicate that interference
mitigation is non-existent in the receiver when the dif-
ference is less than the threshold value.

[0156] In some embodiments of the network node 110, the
processing circuit 520 further is configured to calculate the
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first value by means of the first set of measures when each
measure of the first set of measures was measured by the user
equipment 120 during a first time frame, and to determine the
second value based on the second set of measures. The second
set of measures was measured by the user equipment 120
during a second time frame as the first set of measures was
measured. A first distance in time between the first time frame
and the second time frame is less than a first threshold value.
[0157] Insome embodiments, the first value is a signal-to-
interference-and-noise-ratio calculated by means of the first
set of measures or a signal-to-interference-ratio calculated by
means of the first set of measures.
[0158] In some embodiments of the network node 110, the
processing circuit 520 further is configured to calculate the
first value by means of the first set of measures when the first
set of measures was measured by the user equipment 120
while filtering over a first time period, and to obtain the
second value by filtering, by the network node 110, the sec-
ond set of measures over a second time period. A second
distance in time between the second time period and the first
time period is less than a second threshold value. Each mea-
sure of the second set corresponds to a corresponding time
frame of the second time period.
[0159] In some embodiments, the first value is a signal-to-
interference-and-noise-ratio or a signal-to-interference-ratio.
[0160] In some embodiments, the processing circuit 520
further is configured to use the indication for managing radio
resources handled by the network node 110, the use of the
indication is performed by one or more of:
[0161] Scheduling a downlink transmission to the user
equipment 120 while taking the indication into account,
[0162] Sending a message, to the user equipment 120,
the message instructs the user equipment to perform or
not to perform interference mitigation,
[0163] Balancing load on the network node 110 while
taking the indication into account, and
[0164] Selecting a cell selection offset while taking the
indication into account.
[0165] The processingcircuit 520 may be a processing unit,
aprocessor, an application specific integrated circuit (ASIC),
a field-programmable gate array (FPGA) or the like. As an
example, a processor, an ASIC, an FPGA or the like may
comprise one or more processor kernels.
[0166] Insomeembodiments, the network node 110 further
comprises a transmitter 530 configured to send the indication
to a network node neighboring to the network node 110 or to
send a scheduling grant to the user equipment 120.
[0167] In some embodiments, the radio network node 110
may further comprise a memory 540 for storing software to be
executed by, for example, the processing circuit. The software
may comprise instructions to enable the processing circuit to
perform the method in the network node 110 as described
above in conjunction with FIG. 4. The memory 540 may be a
hard disk, a magnetic storage medium, a portable computer
diskette or disc, flash memory, random access memory
(RAM) or the like. Furthermore, the memory may be an
internal register memory of a processor.
[0168] InFIG. 6, an exemplifying, schematic flowchart of
the methods of FIG. 3a-3d, when seen from the network node
neighboring to the network node 110, is shown. The network
node neighboring to the network node 110 may be the second
eNB 130 in FIG. 2. The second eNB 130 may perform a
method for obtaining the indication of interference mitigation
in a receiver comprised in a user equipment 120. The user
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equipment 120 is served by the network node 110. The net-
work node 110 and the second eNB 130 are comprised in the
cellular radio communication system 100.

[0169] The following actions are performed.

Action 601

[0170] This action corresponds to action 203.

[0171] In some embodiments, the network node neighbor-

ing to the network node 110 receives the indication. The
network node neighboring to the network node 110 may be
the second eNB 130. In this manner, exchange of information
about the user equipment 120 as indicated by the indication
between the first and second eNBs 110, 130 are provided. The
information may be exchanged via the communicating inter-
face X2 or S1.

Action 602

[0172] This action corresponds to action 205.
[0173] The second eNB 130, as an example of the network
node neighboring to the network node 110, uses the indica-
tion for managing radio resources handled by the second eNB
130.
[0174]
of:
[0175] Scheduling a downlink transmission to the user
equipment 120 while taking the indication into account,
[0176] Sending a message, to the user equipment 120,
the message instructs the user equipment to perform or
not to perform interference mitigation, e.g. switch on or
off interference mitigation capability,
[0177] Balancing load on the network node 110 while
taking the indication into account, and
[0178] Selecting a cell selection offset while taking the
indication into account.

As an example, the indication may be transmitted to the
second eNB 130 along with the physical resource blocks
which are granted to the user equipment. Neighboring base
stations, such as the second eNB 130, may use this informa-
tion when setting transmit power, or transmission power, on
these designated physical resource blocks. For example, the
transmit power may be increased on the designated physical
resource blocks when the user equipment 120 comprises a
receiver employing IRC or SIC as indicated by the indication.
[0179] Withreference to FIG. 7, a schematic block diagram
of the second eNB 130 is shown. The second eNB is an
example of the network node 130 neighboring to the network
node 110. The second eNB is configured to obtain the indi-
cation of interference mitigation in a receiver comprised in
the user equipment 120. As mentioned above, the user equip-
ment 120 is configured to be served by the network node 110.
[0180] The second eNB 130 comprises a receiver 710 con-
figured to receive the indication of interference mitigation
from the network node 110.

[0181] The second eNB 130 further comprises a processing
circuit 720 configured to use the indication for managing
radio resources handled by the second eNB 130. In this man-
ner, the second eNB 130 may adapt its radio resource han-
dling while taking the indication into account similarly to the
first eNB 110. As an example, the second eNB 130 can trans-
mit with high/max power to user equipments at the cell edges
with the cell controlled by eNB 110. In case the second eNB
130 is aware of that all of UEs at the cell edges ofthe eNB 110,

The use of the indication may comprise one or more
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e.g. being a macro eNB, can cancel interference and vice
versa if those user equipments can not cancel interference.
[0182] Theprocessingcircuit 720 may be a processing unit,
aprocessor, an application specific integrated circuit (ASIC),
a field-programmable gate array (FPGA) or the like. As an
example, a processor, an ASIC, an FPGA or the like may
comprise one or more processor kernels.

[0183] In some embodiments, the second eNB 130 may
comprise a transmitter 730 configured to transmit messages
in conjunction with using of the indication. Typically, the
processing circuit 720 uses the indication as exemplified
above and the transmitter 730 transmits as configured by the
processing circuit 720.

[0184] In some embodiments, the second eNB 130 may
further comprise a memory 740 for storing software to be
executed by, for example, the processing circuit. The software
may comprise instructions to enable the processing circuit to
perform the method in the second eNB 130 as described
above in conjunction with FI1G. 6. The memory may be a hard
disk, a magnetic storage medium, a portable computer dis-
kette or disc, flash memory, random access memory (RAM)
or the like. Furthermore, the memory may be an internal
register memory of a processor.

[0185] Even though embodiments of the various aspects
have been described, many different alterations, modifica-
tions and the like thereof will become apparent for those
skilled in the art. The described embodiments are therefore
not intended to limit the scope of the present disclosure.

1-28. (canceled)

29. A method in a first network node for determining an
indication of interference mitigation in a receiver comprised
in a user equipment, wherein the method comprises:

receiving, from the user equipment, a first set of measures

and a second set of measures, wherein the first set of
measures relates to a signal received by the user equip-
ment and the second set of measures relates to the same
signal, wherein the first set of measures was obtained by
the user equipment prior to processing of the signal in
the receiver, and wherein the second set of measures was
obtained by the user equipment after processing of the
signal in the receiver; and

determining the indication of interference mitigation based

on the first and second sets of measures.

30. The method of claim 29, wherein the determining com-
prises setting the indication based on a difference between a
first value indicating signal quality of the received signal and
a second value indicating signal quality of the received signal,
wherein the first value is based on the first set of measures and
the second value is based on the second set of measures.

31. The method of claim 30, further comprising:

comparing the difference to a threshold value, and one of:

setting the indication to indicate that interference mitiga-
tion is performed by the receiver when the difference is
greater than the threshold value, and

setting the indication to indicate that interference mitiga-

tion is non-existent in the receiver when the difference is
less than the threshold value.

32. The method of claim 30, wherein the first value is
calculated by means of the first set of measures when each
measure of the first set of measures was measured by the user
equipment during a first time frame, and wherein the second
value is based on the second set of measures, wherein the
second set of measures was measured by the user equipment
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during a second time frame, wherein a first distance in time
between the first time frame and the second time frame is less
than a first threshold value.

33. The method of claim 32, wherein the first value is a
signal-to-interference-and-noise-ratio calculated by means
of the first set of measures or a signal-to-interference-ratio
calculated by means of the first set of measures.

34. The method of claim 30, wherein the first value is
calculated by means of the first set of measures when the first
set of measures was measured by the user equipment while
filtering over a first time period, and wherein the second value
is obtained by filtering, by the first network node, the second
set of measures over a second time period, wherein a second
distance in time between the second time period and the first
time period is less than a second threshold value, wherein
each measure of the second set corresponds to a correspond-
ing time frame of the second time period.

35. The method of claim 34, wherein the first value is a
signal-to-interference-and-noise-ratio or a signal-to-interfer-
ence-ratio.

36. The method of claim 29, wherein the first and second
sets of measures comprise one or more measures, wherein
each measure corresponds to a measurement towards the first
network node or a second network node neighboring to the
first network node.

37. The method of claim 29, wherein the first set of mea-
sures comprises reference signal received power, reference
signal received quality or received signal strength, and the
second set of measures comprises channel state information
or channel quality indicator.

38. The method of claim 29, further comprising using the
indication for managing radio resources handled by the first
network node, wherein the using of the indication comprises
one or more of:

scheduling a downlink transmission to the user equipment

while taking the indication into account;

sending a message, to the user equipment, wherein the

message instructs the user equipment to perform or not
to perform interference mitigation;

balancing load on the first network node while taking the

indication into account; and

selecting a cell selection offset while taking the indication

into account.

39. The method of claim 29, wherein the user equipment is
located in a cell edge zone of a cell operated by the first
network node.

40. The method of claim 29, wherein the first network node
operates in one of the following modes:

open loop Multiple-Input-Multiple-Output transmission

mode;

single antenna transmit mode; and

transmit diversity mode.

41. The method of claim 29, wherein the method further
comprises sending the indication to a second network node
neighboring to the first network node.

42. The method of claim 29, wherein the first network node
is an evolved-NodeB.

43. A first network node for determining an indication of
interference mitigation in a receiver comprised in a user
equipment, wherein the first network node comprises:

a receiver configured to receive, from the user equipment,

a first set of measures and a second set of measures,
wherein the first set of measures relates to a signal
received by the user equipment and the second set of
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measures relates to the same signal, wherein the first set
of measures was obtained by the user equipment prior to
processing of the signal in the receiver, and wherein the
second set of measures was obtained by the user equip-
ment after processing of the signal in the receiver; and

a processing circuit configured to determine the indication

of interference mitigation based on the first and second
sets of measures.

44. The first network node of claim 43, wherein the pro-
cessing circuit further is configured to set the indication based
on a difference between a first value indicating signal quality
of the received signal and a second value indicating signal
quality of the received signal, wherein the first value is based
on the first set of measures and the second value is based on
the second set of measures.

45. The first network node of claim 44, wherein the pro-
cessing circuit is further configured to compare the difference
to a threshold value, and wherein the processing circuit is
further configured to perform one of:

setting the indication to indicate that interference mitiga-

tion is performed by the receiver when the difference is
greater than the threshold value; and

setting the indication to indicate that interference mitiga-

tion is non-existent in the receiver when the difference is
less than the threshold value.

46. The first network node of claim 44, wherein the pro-
cessing circuit further is configured to:

calculate the first value by means of the first set of measures

when each measure of the first set of measures was
measured by the user equipment during a first time
frame; and to:
determine the second value based on the second set of
measures, wherein the second set of measures was mea-
sured by the user equipment during a second time frame,
wherein a first distance in time between the first time
frame and the second time frame is less than a first
threshold value.
47. The first network node of claim 46, wherein the first
value is a signal-to-interference-and-noise-ratio calculated
by means of the first set of measures or a signal-to-interfer-
ence-ratio calculated by means of the first set of measures.
48. The first network node of claim 44, wherein the pro-
cessing circuit further is configured to:
calculate the first value by means of the first set of measures
when the first set of measures was measured by the user
equipment while filtering over a first time period; and

obtain the second value by filtering, by the first network
node, the second set of measures over a second time
period, which second time period at least partly overlaps
with the first time period, wherein each measure of the
second set corresponds to a corresponding time frame of
the second time period.

49. The first network node of claim 48, wherein the first
value is a signal-to-interference-and-noise-ratio or a signal-
to-interference-ratio.

50. The first network node of claim 43, wherein the first and
second sets of measures comprise one or more measures,
wherein each measure corresponds to a measurement towards
the first network node or a second network node neighboring
to the first network node.

51. The first network node of claim 43, wherein the first set
of measures comprises reference signal received power, ref-
erence signal received quality or received signal strength, and
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the second set of measures comprises channel state informa-
tion or channel quality indicator.

52. The first network node of claim 43, wherein the pro-
cessing circuit further is configured to use the indication for
managing radio resources handled by the first network node,
wherein the use of the indication is performed by one or more
of:

scheduling a downlink transmission to the user equipment

while taking the indication into account;

sending a message, to the user equipment, wherein the

message instructs the user equipment to perform or not
to perform interference mitigation;

balancing load on the first network node while taking the

indication into account; and

selecting a cell selection offset while taking the indication

into account.
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53. The first network node of claim 43, wherein the user
equipment is located in a cell edge zone of a cell operated by
the first network node.

54. The first network node of claim 43, wherein the first
network node is configured to operate in one of the following
modes:

open loop Multiple-Input-Multiple-Output transmission

mode,

single antenna transmit mode, and

transmit diversity mode.

55. The first network node of claim 43, wherein the first
network node further comprises a transmitter configured to
send the indication to a second network node neighboring to
the first network node.

56. The first network node of claim 43, wherein the first
network node is an evolved-NodeB.
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