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(57) Abstract: The present invention relates to an equalizing method in a re-
ceiver node of a cellular wireless communication system, said cellular wire -
less communication system using time/frequency resource elements for trans-
mission of radio signals comprising different channels and/or pilot symbols;
said method comprising the steps of: a) receiving at least one radio signal
comprising a plurality of resource elements; b) receiving interference inform-
ation associated with said plurality of resource elements; cl) extracting re-
source elements carrying data of said plurality of resource elements into a
first set based on said interference information so that said first set comprises
resource elements carrying data and being affected by an interference; d) di-
viding the resource elements of said first set into one or more sub-sets; and e)
equalizing the resource elements of said one or more sub-sets using a Linear
Minimum Mean Square Error, LMMSE, estimator. Furthermore, the inven-
tion also relates to receiver node device, a computer program, and a computer
program product thereof.
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EQUALIZING METHOD IN A RECEIVER NODE

Technical Field
The present invention relates to an equalizing method in a receiver node. Furthermore, the
invention also relates to an equalizer device, a computer program, and a computer program

product thereof.

Background of the Invention

Heterogeneous network is a strategy introduced in 3GPP LTE-Advanced with the purpose to
improve network capacity. In a heterogencous network as illustrated in Figure 1, many pico-
cells with low transmit power (~ 250 mW) overlay on a macro-cell with higher transmit
power (1-40 W). The advantage is to perform off-loading macro-cell data traffic to smaller
pico-cells and thus improving network capacity. Moreover, those cells are using the same
frequency resources which mean that User Equipments (UEs) can suffer high interference
from macro-cell(s) which can lead to performance degradation. Therefore, interference

management is a crucial aspect in heterogencous network deployments.

3GPP LTE Release 10 has adopted enhanced-inter-cell interference coordination (e-ICIC) as
part of the interference management. One key features in e-ICIC is the time domain
interference management or also known as Almost Blank Sub-frame (ABS) transmission. An
ABS contains Common Reference Symbols (CRS), Broadcast Channel (BCH), and
synchronization signals (PSS/SSS). A shown in Figure 1, while the UE in cell range
expansion maintains data transmission to a pico-cell (serving cell), the macro cell (neighbour
cell) transmit ABS sub-frames. Depending on the cell-IDs, the CRS of neighbour cell can be
colliding with CRS of serving cell (known as colliding CRS scenario) or it can also be
colliding with data/control channels of serving cell (known as non-colliding CRS scenario).
Thus, in a non-colliding CRS scenario, the interference level to the control/data channel of

downlink serving cell is limited to the CRS from macro/neighbour cell(s).

Successive Interference Cancellation (SIC) is a well-known technique in CRS interference

cancellation (CRS-IC) field. SIC performs interference cancellation from dominant

interferences (neighbour cells) successively. The typical operation of a UE with CRS-SIC is:
1. Estimate the Channel Frequency Response (CFR) of the first dominant neighbour
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cell;

2. Create a replica of the dominant interference by multiplying the locally generated
CRS of neighbour cell with the estimated CFR;

3. Remove the dominant interference by subtract the received signal with the re-
created/replica of the dominant interference;

4. Repeat the previous steps whenever there is a need to cancel the second or
subsequent dominant interference; and

5. Once the interference(s) have been removed, the UE continues to perform

demodulation of desired signal from the serving cell.

Successive interference cancellation technique however has the following technical
drawbacks: The interference cancellation is depending on the accuracy of the neighbour
cell(s) channel estimation technique; The error in the first cancellation is propagated to the
subsequent cancellation and thus increasing the residual error which leads to performance
degradation; Implementation complexity and latency are expected to be linearly increased

with the number of cell(s) to be cancelled using successive interference cancellation.

Another alternative is to use Log-Likelihood Ratio (LLR) muting. This method requires only
a negligible computational effort at the UE but can improve the performance in comparison to
a UE that is not aware of the interference. Basically, the set of LLR corresponding to the
interfered data symbols will be just simply set to zero. LLR muting is however expected to
reduce the performance since the muting operation will set the data/information to zero. The
degradation would be even worse in cases where are more resource elements interfered by

neighbour cell(s).

Summary of the Invention
An object of the present invention is to provide a solution which mitigates or solves the

drawbacks and problems of prior art solutions.

Another object is to provide a solution which has improved performance compared to prior art

solutions.
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According to a first aspect of the invention, the above mentioned objects are achieved by a
equalizing method in a receiver node of a cellular wireless communication system, said
cellular wireless communication system using time/frequency resource elements for
transmission of radio signals comprising different channels and/or pilot symbols; said method
comprising the steps of:

a) receiving at least one radio signal comprising a plurality of resource elements;

b) receiving interference information associated with said plurality of resource
elements;

cl) extracting resource elements carrying data of said plurality of resource elements into
a first set based on said interference information so that said first set comprises resource
elements carrying data and being affected by an interference;

d) dividing the resource elements of said first set into one or more sub-sets; and

¢) equalizing the resource clements of said one or more sub-sets using a Linear

Minimum Mean Square Error, LMMSE, estimator.

Different embodiments of the above method are defined in the appended dependent claims.
Further, the invention also relates to a computer program and a computer program product

corresponding to the method.

According to a second aspect of the invention the above mentioned objects are achieved with
a equalizing device for a cellular wireless communication system using time/frequency
resource elements for transmission of radio signals comprising different channels and/or pilot
symbols, and

said equalizing device comprising input means, communication means and signal
processing means; and

said input means being arranged to receive at least one radio signal comprising a
plurality of resource elements and arranged to receive interference information associated
with said plurality of resource elements, and

said signal processing means being arranged to extracting resource clements carrying
data of said plurality of resource clements into a first group based on said interference
information so that said first group comprises resource elements carrying data and being
affected by interference and further being arranged to equalise the resource elements of said

first group using a Linear Minimum Mean Square Error, LMMSE, estimator.
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The equalizing device may preferably be arranged in a receiver node device, and may further

be modified, mutatis mutandis, according to the different embodiments of the present method.

The present invention provides a solution which implicitly cancels the dominant CRS
interference(s), especially in non-colliding CRS heterogeneous network scenarios. This will

improve the performance at the receiver node.

Further, in case of more than one interfering cell the proposed solution does not require the
successive estimation and cancellation of each interference source and thus the

implementation complexity and latency can be kept very low.

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

detailed description.

Brief Description of the Drawings
The appended drawings are intended to clarify and explain different embodiments of the
present invention in which:
- Fig. 1 illustrates a heterogeneous network scenario;
- Fig. 2 illustrates a UE receiver chain comprising an equalizer according to the
present invention;
- Fig. 3 illustrates the time domain coordination between serving and neighbouring
eNode-Bs and its resource element allocations;
- Fig. 4 illustrates the grouping of resource elements according to the present
invention;
- Fig. 5 is a flow chart of an embodiment of the present invention;
- Fig. 6 illustrates an equalizer device according to an embodiment of the present
invention;
- Fig. 7 shows performance results; and

- Fig. 8 shows further performance results.
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Detailed Description of the Invention

To achieve the aforementioned and further objects, the present invention relates to an
equalizing method in a receiver node of a cellular wireless communication system. The
cellular system is a system that uses time/frequency Resource Elements (REs) for
transmission of radio signals which may comprise different channels and/or pilot symbols.
The channels may e.g. be broadcast channels, control channels, synchronisation channels and
data channels, while the symbols may be CRS or any other pilot symbols used in the system.
The cellular system may preferably be a system specified by the 3GPP such as LTE or LTE
Advanced.

The present method comprises the steps of receiving at least one radio signal comprising a
plurality of REs and further receiving interference information associated with the plurality of
REs. Thereafter, REs carrying data of the plurality of REs are extracted into a first set (set 1)
based on the interference information so that the first set comprises REs carrying data and
being affected by interference (from one or more interfering cells/sources). Thereafter the REs
of the first set are divided into one or more sub-sets. Finally, all REs of the one or more sub-
sets are in, each sub-set, concurrently equalized by mean of a Linear Minimum Mean Square

Error, LMMSE, estimator.

REs affected by interference means that these REs are colliding with the REs of interfering
(often neighbouring) cells which has strong interference. In LTE-Advanced system, there is a
time domain interference mechanism which minimizes the interference impact as illustrated in
Figure 3. The UE at the cell-edge or cell range expansion area are allocated by the serving cell
to use the resources in sub-frame 2, 10. In that particular sub-frame, the neighbour cell

transmit sub-frame 4, 12 which are the ABS sub-frames.

In case of heterogeneous network with non-colliding CRS scenario, the CRS interferences
from interfering cell(s) are colliding with the control/data channels of the downlink signal
from the serving cell. Figure 4 (left) illustrates the LTE 2x2 MIMO RE allocation within one
RB pair in a non-colliding CRS scenario. The serving cell cell-ID is 0 and the neighbour cell
cell-ID is 1 and thus the CRS from two cells are not colliding. The CRS interferences are
located in certain REs in the OFDM symbols carrying CRS from the serving cell and colliding

with control and data channels. The present robust equalizer performs the data demodulation
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on the interfered/colliding RE (and the adjacent REs carrying data in the frequency domain if
the transmission is SFBC which is needed due to the detection process in SFBC which
requires at least a pair of REs). SFBC is also known as Transmission Mode 2 (TM2) in LTE
context. The REs for equalizing is illustrated in Figure 4 (right). The task of resource de-
mapping unit in the receiver is to extract the resource elements based on its allocation (e.g.
CRS to assist channel estimation, PDCCH, PDSCH, etc.) and then assign to other units in the

receiver to be further processed.

In a typical receiver, all REs carrying data (e.g. PDSCH) are extracted and then passed to a
MIMO detection block for detection purpose. In the present invention all REs carrying data
are divided into two sets according to the following grouping principal:

e REs affected by interference from other cell(s) CRS;

e The remaining REs carrying data (PDSCH) which also belongs to the plurality of REs.

This can be illustrated as shown in Figure 4. The REs in the first set (set 1) is used as the input
to the equalizer unit after division into one or more sub-sets, while the REs in the second set (
set 2) is used as the input to the ordinary MIMO detection unit. The output of both units are
thereafter multiplexed and used as the input to the data decoder unit of the receiver device.
From the above it is noted that according to an embodiment of the invention the present
method further comprises the step of extracting the remaining REs carrying data of the

plurality of REs into a second set (set 2).

The sub-set size of the REs (i.e. the number of REs in each sub-set) should also be
determined. The receiver needs to ensure that the REs within the sub-set are experiencing
almost the same channel conditions to get the benefit of grouping processing from multiple
REs within a sub-set. The sub-set size can be determined based on the following principals:

e Adaptive sub-set size based on channel conditions: in this case the sub-set size is
determined based on the coherence time and coherence bandwidth of the radio
channel. The coherence time and coherence bandwidth ensure that the REs in the sub-
sets experience almost the same radio channel conditions. Accordingly, the number of
REs in each sub-set is based on channel conditions for a radio channel, and preferably

coherence bandwidth and coherence time of the radio channel; or



10

15

20

25

30

WO 2014/127824 PCT/EP2013/053495

o Fixed sub-set size allocation: the sub-set size is pre-configured and fixed, e.g. the sub-
set size can be 1 RB pair size as shown in Figure 4. However, the system designer
needs to ensure the optimum group size which is applicable to all common radio
channel conditions. Accordingly, the number of REs in each sub-set is predetermined
and fixed according to this embodiment. The value(s) for the sub-set size could be
predetermined based on channel propagation conditions as defined in a specification

for a wireless communication system, such as 3GPP systems.

Robust equalizer activation can be determined based on the following criteria: measured
interference power and/or noise estimate parameters are above certain thresholds. For
example, if both the interfering power and noise estimate are extremely high and above the
thresholds then it is expected that robust equalizer operation does not help to improve the
performance and thus it is better to activate other methods with low computational load such
as muting. The value of the thresholds is design parameters, and the noise estimate parameter
may be obtained from the channel estimation unit. The size of RE set must be determined
which can be based on the channel coherence bandwidth and coherence time as described
above. A UE is typically equipped with means for channel parameters estimation which
provide such information. If the coherence bandwidth and coherence time is large, a large RE
group size is expected to further improve the performance however with the cost of
implementation complexity. The receiver must estimate the interference power of interfering
cell(s) prior to the above equalization process. In addition, even in synchronous networks,
there is still a relative time delay between the interfering cell and the serving cell which must
be estimated so that the delay is taken into account by rotating/de-rotating the regenerated

CRS of interfering (e.g. neighbouring) cell(s).

The receiver can have dedicated units for estimating interfering cell(s) power and delay. In
some systems (e.g. LTE) there are other units in the receiver which essentially performs the
aforementioned estimation. For example the Reference Signal Received Power (RSRP)
measurement unit in LTE provides the interference power of interfering cell(s) and LTE Cell

search unit provides the delay timing information.
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According to yet another embodiment of the present invention, the equalization is combined
with muting technique(s) so that the either equalization or muting is activated depending on
suitable condition(s). This operation is to avoid robust equalization in case both interference
and noise estimate are high. In such scenario, robust equalization does not provide additional

performance gain over muting and thus, it is better to keep low UE computational load.

Preferably, according to an embodiment of the invention symbol muting is employed if the
radio signal comprising the REs are transmitted in transmit diversity mode or in SFBC mode.
Yet further, LLR muting may be activated instead of the symbol muting if the radio signal is
transmitted in non-transmit diversity mode. Symbol muting can only be applied to the

transmit diversity transmissions due to the unique signal processing of transmit diversity.

The activation/deactivation of the present equalizer can be based on a threshold value so that
the equalizer is deactivated if an interference value and/or a noise estimate value is greater
than the threshold value. Another deactivation condition can be that the equalizer is
deactivated if there is no capacity left in the CPU to perform equalizing (heavy load), e.g. if

the CPU is used by other functionalities/purposes or already is in high computational load use.

Symbol muting is an interference avoidance method specifically for transmit diversity
scheme/Space Frequency Block-Coded (SFBC) scheme. Symbol muting is performed by
muting (set to zero) the received symbol which has been contaminated by interference and its
corresponding channel and noise estimate. Typical received signal model for 2x2 MIMO

SFBC is as follows:

Vo (k0) hoo(k0)  —hgy (kO) wo (k0)
vo (k1) _ 1 1hg1 (k1) hgo(k1) |50 wo (k1)
y1(k0)| ﬁ hio(k0) —hy; (k0) [SI] * w; (k0)
yi (k1) hii (k1)  hiy(k1) wy (k1)

Where y,, (k0) is the signal at received antenna n and at sub-carrier k0. In case the interfering
CRS collide with received signal at sub-carrier k1, then the symbol muting signal model can

be written as:
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9
Vo (k0) hoo(kO) —hgq(k0) wo (k0)
o |_1] o 0 [So] Lo
v, (k0) V2 |h1o(k0) —hy;(kO) [ LS w; (k0)
0 0 0 0

Furthermore, the interference information may according to an embodiment of the invention
indicate the time/frequency location of the REs of the first set so that mentioned REs can be
identified. This interference information can be obtained from a higher layer, such as layer 3
(also known as Radio Resource Control, RRC, layer), which means that the layer responsible
for the equalization, i.e. the physical layer 1 in this case, receives the interference information

from layer 3.

In heterogeneous networks both the e-NodeB of the serving cell and the e-NodeB(s) of the
interfering cell(s) perform time domain interference coordination. It is known as time domain
enhanced-inter-cell interference coordination (e-ICIC) in LTE release 10. The serving cell
always transmits with full payload and most of the sub-frames are allocated to the UE
receivers which are relatively close to the serving cell e-NodeB. The UE receivers at the cell
edge or Cell Range Expansion (CRE) area are allocated to the serving cell sub-frame no.2 and
n0.10. In order to minimize the interference from the interfering cell(s), mentioned interfering
cell(s) transmits ABS on that particular sub-frame. Both e-NodeBs perform interference
coordination and exchange the scheduling information. This allows the interfering cell(s) to
inform about the ABS pattern to the serving cell. The serving cell then utilizes and forwards

the ABS pattern information to the UE at the cell edge.

The interference caused by ABS is the CRS of the interfering cell. The UE receiver can easily
identify the position of the CRS interference by simple post-processing of serving cell cell-ID
and interfering cell’s cell-ID. By knowing the ABS pattern and CRS position of the
interfering cell(s) from higher layer 3, the UE is then able to identify the interfered serving
cell resource elements and thus group them together into the first group for equalization.
Hence, according to an embodiment of the invention the interference information comprises

information about ABS transmissions from interfering cell(s).

As for the LMMSE estimation that is used in the present equalizer two embodiments are

preferred. The received signal from the serving cell and A interfering cell(s) can be written as
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follows:

M
Y=D,H, + Z qmDn H,y +W

m=1

(Eq. 1)

where is D, the diagonal data matrix, H,. is the radio channel to the serving cell, gq,, is the
interference power, D, is the CRS of interfering cell m, H,, is the channel of interfering cell-
m, and w is the diagonal matrix of thermal noise and other interference modelled as white

Gaussian noise.

According to an embodiment the LMMSE estimator uses the following model for the

estimated data:

~ ~ ~ o~ -1
Dg. = H?c (Hscch + Z%:l QmDmE(HmH%)D% + 021) Y,
(Eq. 2)

where Dy, is estimated data from the serving cell, H. is estimated radio channel from the
serving cell, g, is interference power from m-th dominant interfering cell relative to the noise
estimate, E (HmH%) is channel correlation matrix of m-th dominant interfering cell, D,,, is
regenerated CRS of m-th dominant interfering cell, o2 is noise estimate, and Y is received
signal at the receiver node, and M is the number of dominant interfering cells. A very
important component is the channel correlation matrix of interfering cell(s) which can be
computed offline assuming that the UE knows the channel characteristic of the neighbouring
cell. Eq. 2 can be extended in case of multi-cell CRS interference. It should be noted that
typically all cells exhibit the same channel conditions and thus the same channel correlation
matrix can be reused. This embodiment is denoted as the robust equalizer in the present

application.

Example:
SFBC 2x2 with equalizer RE group within 1 RB utilizes 12 colliding REs and its adjacent RE
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as depicted in Figure 4.

D, = A7 (A A7 +¢,DEHH D +c°1)' Y
24x1 24x48 A8 %48

(Eq. 2)

This requires an online 48x48 matrix inversion for each RB process. This can however result

in quite high computation load at the UE.

Therefore, according to another embodiment of the present invention the LMMSE estimator

uses the following model for the estimated data:
Dy, = AL D, (E(H, HY) + © 12 (07+1) e 1) "piy,

(Eq. 4)

where D is estimated data from said serving cell, H, is estimated radio channel from said
serving cell, g, is interference power from dominant interfering cell , E (H . HY ) is channel
correlation of dominant interfering cell, D, is regenerated CRS of dominant interfering cell,
o2 is noise estimate, and Y is received signal at said receiver node. Eq. 4 above is obtained by

modifying Eq. 2 according to the following equation:
D, =HE (E(Hs HE) + XX _1 gD E(H, HIL)DH, + 021) Y .(Eq. 5)

Since E(Hy HY.) is an identity matrix for spatially uncorrelated channels, Eq. 4 is obtained.
This embodiment has the advantage that online matrix inversion is avoided since the inverted
part can be pre-computed offline according to different channel type, noise and interference
power level. Therefore a less complex equalizer is provided in this case, and is hence denoted

robust low complex equalizer.

Figure 5 shows a flow chart of an embodiment of the present invention incorporating symbol
and LLR muting. Firstly, the equalizing device collects interference power measurement and

noise estimate from other units. If mentioned parameters are above certain thresholds then the
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UE performs a simple muting operation or LLR muting if the radio signal is transmitted in
non-transmit diversity mode. Otherwise, the UE performs robust equalizing as follows:
1. Separating the REs affected by interference from the REs not affected into set 1 and
set 2, respectively;
2. Collecting the time delay of the dominant interference relatively to the serving cell.
This delay will be used later in the LMMSE operation of set 1.
3. Defining the sub-set size of LMMSE operation for set 1. It can be based on channel
coherence time/frequency as described above.
4. Performing separate LMMSE operation for each set 1 and set 2. LMMSE operation of
set 1 is performed repeatedly for every sub-set while the LMMSE operation for set 2
can be performed repeatedly for every RE,
5. Multiplexing the output of set 1 and set 2, and then performing data decoding on the

outputs.

Further, the equalizing methods above may be implemented in an equalizing device. The
device comprises all suitable means for performing the equalisation according to the above
described methods, such as memory means, input means, output means, communication
means, signal processing means, register means, etc. Specifically, the input means being
arranged to receive at least one radio signal comprising a plurality of REs and arranged to
receive interference information associated with the plurality of resource elements, and the
signal processing means being arranged to extracting Res carrying data of the plurality of REs
into a first set based on the interference information so that the first set comprises REs
carrying data and being affected by interference and dividing the REs of the first set into one
or more sub-sets. Further being arranged to equalise the REs of the one or more sub-sets using
a Linear Minimum Mean Square Error, LMMSE, estimator. The equalizing device may

preferably be arranged in a receiver node device such as in a mobile station or a relay station.

An implementation of the proposed equalizer is preferably in a software based Digital Signal
Processing (DSP) to allow flexible implementation. The equalizer implementation block
diagram is depicted in Figure 6. This figure is an example of an implementation block diagram
of the equalizer for the data in set 1. The matrix inverse operation is avoided by storing the

filter coefficients in a Look-Up Table (LUT) form. The LUT selection is based on the



10

15

20

25

30

WO 2014/127824 PCT/EP2013/053495
13

interference power estimation, channel parameter estimation, and noise estimation. The

detection process is the LMMSE operation as described in Eq. 4.

It should be realised that the equalizing device may be modified, mutatis mutandis, according

to all embodiments of the equalizing method in the receiver node.

Figures 7 and 8 show the (normalized) throughput performance versus SNR for two test
scenarios as defined by 3GPP LTE. The performance results of SFBC with modulation and
coding QPSK % in EVAS Medium correlation channel is shown in Figure 7. The interference
power is 6 dB above noise level. The results indicate that the proposed robust equalizer
performance is as good as the performance results with ideal cancellation (CRS-IC (Ideal)).
Most importantly, the low complexity version of the equalizer (Eq. 4) is also achieving the
same performance. Symbol muting is also performing better than LLR muting. All of the

proposed algorithms provide significant gain compared to the case without cancellation.

Figure 8 shows the results in case of transmission mode 3 (open loop spatial multiplexing)
with modulation and coding 16QAM Y% in EVA70 Low correlation channel. The performance
results indicate the same trend as the results shown in Figure 7. The proposed robust equalizer
performance is almost as good as the performance results with ideal cancellation (CRS-IC
(Ideal)). The low complexity version of equalizer (using Eq. 4) is also achieving almost the
same performance with negligible degradation. All of the proposed algorithms provide

significant gain compared to the case without cancellation.

Furthermore, as understood by the person skilled in the art, any method according to the
present invention may also be implemented in a computer program, having code means,
which when run by processing means causes the processing means to execute the steps of the
method. The computer program is included in a computer readable medium of a computer
program product. The computer readable medium may comprises of essentially any memory,
such as a ROM (Read-Only Memory), a PROM (Programmable Read-Only Memory), an
EPROM (Erasable PROM), a Flash memory, an EEPROM (Electrically Erasable PROM), or
a hard disk drive.
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Finally, it should be understood that the present invention is not limited to the embodiments

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

appended independent claims.
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CLAIMS

1. Equalizing method in a receiver node of a cellular wireless communication system,
said cellular wireless communication system using time/frequency resource elements for
transmission of radio signals comprising different channels and/or pilot symbols; said method
comprising the steps of:

a) receiving at least one radio signal comprising a plurality of resource elements;

b) receiving interference information associated with said plurality of resource
elements;

cl) extracting resource elements carrying data of said plurality of resource elements into
a first set based on said interference information so that said first set comprises resource
elements carrying data and being affected by an interference;

d) dividing the resource elements of said first set into one or more sub-sets; and

¢) equalizing the resource clements of said one or more sub-sets using a Linear

Minimum Mean Square Error, LMMSE, estimator.

2. Method according to claim 1, further comprising the step of:
c2) extracting the remaining resource elements carrying data of said plurality of

resource elements into a second set.

3. Method according to claim 1, wherein said interference information indicates

time/frequency location of the resource elements of said first set.

4. Method according to claim 3, wherein steps a, b, c¢l, d, and ¢ are performed in
physical layer 1 and said interference information is received from a higher layer, such as

layer 3.

5. Method according to claim 4, wherein said receiving node is served by a serving cell,
and said interference information comprises information about Almost Blank Sub-frame,

ABS, transmissions from interfering cell(s).
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6. Method according to claim 1, wherein said first set comprises the resource elements
carrying data and being affected by interference and its adjacent resource elements in the

frequency domain.

7. Method according to claim 1, wherein the number of resource element in said one or

more sub-sets is: based on channel conditions for a radio channel, or predetermined and fixed.

8. Method according to claim 7, wherein the channel conditions are coherence

bandwidth and coherence time for said radio channel.

9. Method according to claim 1, wherein said plurality of resource elements are

allocated in one or more Resource Block, RB, pairs.

10. Method according to claim 1, wherein said receiving node is served by a serving cell,

and said LMMSE estimator uses:

-1

M
Esc = H?c (Hscﬁgc + Z qumE(HmH%)D% + 0'21) Y

m=1
where D, is estimated data from said serving cell, H, is estimated radio channel from said
serving cell, g,, is interference power from m-th dominant interfering cell, E(HmH%) is
channel correlation of m-th dominant interfering cell, D,, is regenerated Common Reference
Symbols, CRS, of m-th dominant interfering cell, o2 is noise estimate, and ¥ is received

signal at said receiver node, and M is the number of dominant interfering cells.

11. Method according to claim 1, wherein said receiving node is served by a serving cell,

and said LMMSE estimator uses:

~

Dy = - HE D, (E(H, HY) + (07+1)

e 1)_1 Dly,

where D, is estimated data from said serving cell, H, is estimated radio channel from said
serving cell, g, is interference power from dominant interfering cell, E (H . HY ) is channel
correlation of dominant interfering cell, D, is regenerated Common Reference Symbols of

dominant interfering cell, o2 is noise estimate, and Y is received signal at said receiver node.
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12. Method according to claim 1, wherein said equalizing step is deactivated if an
interference power of said interference and/or a noise estimate is greater than a threshold
value(s) and replaced by the step of:

employing a muting technique on said plurality of resource elements.

13. Method according to claim 12, wherein symbol muting is employed if said radio
signal is transmitted in transmit diversity mode or in space frequency block code, SFBC,

mode.

14. Method according to claim 13, wherein LLR muting is employed if said radio signal

is transmitted in non-transmit diversity mode.

15. Method according to claim 1, wherein the equalization of the resource elements

within each sub-set is performed concurrently.

16. Method according to claim 1, wherein said cellular wireless communication system

is a 3GPP communication system.

17. Method according to claim 16, wherein said receiver node is a relay station or a
mobile station such as a User Equipment, UE, and said radio signal is transmitted in the

downlink.

18. Computer program, characterised in code means, which when run by processing

means causes said processing means to execute said method according to any of claims 1-17.

19. Computer program product comprising a computer readable medium and a computer
program according to claim 18, wherein said computer program is included in the computer
readable medium, and comprises of one or more from the group: ROM (Read-Only Memory),
PROM (Programmable ROM), EPROM (Erasable PROM), Flash memory, EEPROM
(Electrically EPROM) and hard disk drive.
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20. Equalizing device for a cellular wireless communication system using
time/frequency resource elements for transmission of radio signals comprising different
channels and/or pilot symbols, and

said equalizing device comprising input means, communication means and signal
processing means; and

said input means being arranged to receive at least one radio signal comprising a
plurality of resource elements and arranged to receive interference information associated
with said plurality of resource elements, and

said signal processing means being arranged to extracting resource clements carrying
data of said plurality of resource clements into a first set based on said interference
information so that said first set comprises resource elements carrying data and being affected
by interference, dividing the resource elements of said first set into one or more sub-sets, and
further being arranged to equalise the resource elements of said one or more sub-sets using a

Linear Minimum Mean Square Error, LMMSE, estimator.

21. Receiver node device comprising at least one equalizing device according to claim

20.
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