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METHOD AND ARRANGEMENT IN A WIRELESS COMMUNICATION SYSTEM

TECHNICAL FIELD

The present disclosure relates generally {o methods and arrangements in a wireless
communications system. In particular It relates to transmission and reception of
informatlon carrying signals in a wireless communication system wherein a plurality of
transmission configurations is avallable for transmitting the Information carrying signals.

BACKGROUND

In order to improve system performance, for example by improving the coverage of
high data rates, Improving the cell-edge throughput and/or increasing system throughput,
Coordinated Multipoint (CoMP) transmission and/or reception may be used in a wireless
communications system or radlo access network. In the wireless communications system
or cellular radio communlcations system wireless devices and/or user equipments, also
known as mobile terminals and/or wireless terminals, communicate via a Radio Access
Network (RAN) with one or more core networks. The user equipments may be moblle
stations or user equipment unlts such as mobile telephones, also known as "cellular”
telephones, and laptops with wirsless capabllity, e.g., mobile termination, and may thus
be, for example, portable, pocket, hand-held, computer-Included, or car-mounted mobile
devices which communicate voice and/or data vla the radio access network. A wireless
device may be any equipment being wirelessly connectable to a RAN for wireless
communication.

The radio access network covers a geographical area which Is divided into point
coverage areas, traditionally denoted celis, with each point coverage area or call being
served by a base station, e.g., a Radio Base Station (RBS), which in some networks is
also called "eNB”, “eNodeB”, "NodeB” or "B node” and which In this document also is
referred to as a base station or radio network node. A point coverage area [s a
geographical area where radlo coverage is provided by a point, also referred to as a
“transmission polint" and/or a “reception point”, which s controlled by the radio base
station or radio network node at a base statlon site or radio network node site. A point
coverage area Is often also denoted a cell, but the concept of a cell also has architectural
Implications and the transmisslon of certain reference signals and system information.
More specifically, multiple point coverage areas may Jointly form a single logical cell
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sharing the same physical cell ID. However, in the following the notation of a “cell” Is used
interchangeably with "point coverage area” to have the meaning of the |atter. Moreover, a
point, or “fransmission point” and/or a “reception point’, corresponds in the present
disclosurs to a set of antennas covering essentlally the same geographical area in a
similar manner. Thus, a point might correspond to one of the sectors at a site, ® g a base
statlon site, but It may also correspond to a site having one or more antennas all Intending
to cover a simllar geographical area. Often, different points represent different sites.
Antennas correspond to different points when they are sufficiently geographically
separated and/or have antenna diagrams pointing In sufficlently different directions.

The radio network node communicates over an air interfaces or radlo interface with
the user equipments within the range of the radio network node. One radio network node
may serve one or more cells via one or more antennas operating on radio frequencies.
The cells may be overlaid on each other, e g as macro and plco cells having different
coverage areas, or adjacent to each other, & g as so called sector cells where the cslls
served by the radlo network node each cover a section of the total area or range covered
by the radlo network node. The cells adjacent or overlald relative to each other may
alternatively or additionally be served by different or separate radio network nodes that
may be co-located or geographically separated.

The one or more antennas controlled by the radio network node may be located at
the site of the radlo network node or at antsnna sites that may be geographically
separated from each other and from the site of the radio network node. There may also
be one or more antennas at each antenna site. The one or more antennas at an antenna
site may be arranged as an antenna array covering the same gaographical area or
arranged so that different antennas at the antenna slte have different geographical
coverage. An antenna array may also bs co-located at one antenna site with antennas
that have different geographical coverage as compared to the antenna array. in the
subsequent discuseion an antenna or antenna array covering a certain geographical area
is referred to as a point, or transmission and/or reception point, or more specifically for the
context of thls disclosure as a Transmisslon Point (TP). In this context multiple
transmission polnts may shars the same physical antenna elements, but could use
different virtualizations, e.g., different beam directions.

The communications, i e transmission and receptlon of signals between the radio
access network and a user equipment, may be psrformed over a communication link or
communlcation channel via ons or mors transmission and/or reception points that may be
controlled by the same or different radio network nedes. A slgnal may thus, for example,



WO 2013/169170 PCT/SE2013/000070

be transmitted from multiple antennas by being transmitted via one transmission point
from more than one antenna in an antenna array or by being transmitted via more than
one transmission point from one antenna at each transmission point, The coupling
between a transmitted signal and a corresponding recelved signal over the
communication link may be modelled as an effective channel comprigsing the radio
propagation channel, antenna gains, and any possible antenna virtualizations. Antenna
virtualization is obtained by precoding a signal so that it can be transmitted on multiple
physical antennas, possibly with different gains and phases. Link adaptation may be used
to adapt transmission and reception over the communication link to the radio propagation
conditions.

An antenna port Is a “virtual” antenna, which is defined by an antenna port-spscific
reference signal. An antsnna port Is defined such that the channel over which a symbol
on the antenna port Is conveyed can be inferred from the channel over which another
symbol on the same antenna port Is conveyed. The signal corresponding to an antenna
port may possibly be transmitted by several physical antennas, which may also be
geographically distributed. In other words, an antenna port may be virtualized over one or
several transmission points. Conversely, one transmission point may transmit one or
several antenna ports.

Multi-antenna techniques can significantly Increase the data rates and reliability of a
wireless communication system. The performance is in particular improved If both the
transmitter and the receiver are equipped with multiple antennas, which results in a
multiple-input multiple-output (MIMO) communication channel. Such systems and/or
related techniques are commonly referred to as MIMO,

The Long Term Evolution (LTE) standard is currently evolving with enhanced MIMO
support. A core component in LTE is the support of MIMO antenna deployments and
MIMO related techniques. A current working assumption in LTE-Advanced, | e 3GPP
Releaee-10, is the support of an eight-layer spatlal multiplexing mode with possibly
channel dependent precoding. The spatlal multiplexing mode is almed for high data rates
in favourable channel conditions. An illustration of the spatial multiplexing mode is
provided In Figure 1. Therein, the transmitted signal, represented by an information

carrylng symbol vector 8 is multiplled by an Nr x r precoder matrix w”r"’, which serves to
distribute the transmit energy In a subspace of the Nr-dimenslonal vector spacs,
corresponding to Ny antenna ports. The precoder matrix is typically sslected from a
codebook of possible precoder matrices, and is typically indicated by means of a
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Precoder Matrix Indicator (PMI), which together with a Rank Indicator (RI) specifies a
unique precoder matrix in the codebook. If the precoder matrix is confined to have
orthonormal columns, then the design of the codebook of precoder matrices corresponds
to a Grassmannian subspace packing problem. The r symbols in s each are part of a
symbol stream, a so-called layer, and ris referred to as the rank or transmission rank. In
this way, spatial multiplexing is achieved since multiple symbols can be transmitted
simultaneously over the same Resource Element (RE) or Time-Frequency Resource
Element (TFRE). The number of symbols r is typically adapted to suit the current channel
properties.

LTE uses Orthogonal Frequency Division Multiplexing (OFDM) in the downlink, and
Discrete Fourier Transform (DFT) precoded OFDM in the uplink. The basic LTE physical
resource can be seen as a time-frequency grid, as illustrated in Figure 2, where each
time-frequency resource element (TFRE) corresponds to one subcarrier during one
OFDM symbol interval, on a particular antenna port. The resource allocation in LTE is
described in terms of resource blocks, where a resource block corresponds to one slot in
the time domain and 12 contiguous 15 kHz subcarriers in the frequency domain. Two
time-consecutive resource blocks represent a resource block pair, which corresponds to
the time interval upon which scheduling operates.

The received Ngr x 1 vector y, for a certain resource element on subcarrier n or,
worded differently, data RE number n or TFRE number n, assuming no inter-cell

interference, is modeled by

yn =HnWNT><rsn +en (1)

where n denotes a transmission occasion in time and frequency, and e, is a noise

and interference vector obtained as realizations of a random process. The precoder, or

precoder matrix, for rank r, WNT*’ , can be a wideband precoder, which may be constant
over frequency, or frequency selective.

The precoder matrix is often chosen to match the characteristics of the NrxNt MIMO

channel H, , also denoted channel matrix, resulting in so-called channel dependent
precoding. When based on User Equipment (UE) feedback, this is also commonly
referred to as closed-loop precoding and essentially strives for focusing the transmit
energy into a subspace which is strong in the sense of conveying much of the transmitted
energy to the UE or wireless device. In addition, the precoder matrix may also be selected
to strive for orthogonalizing the channel, meaning that after proper linear equalization at

the UE or wireless device, the inter-layer interference is reduced.

4
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In closed-loop precoding, the UE or wireless device transmits, based on channel
measurements in the forward link, i e the downlink, recommendations to the radio network
node or base station of a suitable precoder to use. A single precoder that is supposed to
cover a large bandwidth, so called wideband precoding, may be fed back. It may aiso be
beneficial to match the frequency variations of the channel and instead feed back a
frequency-selective precoding report, e.g. several precoders, one per subband. This is an
example of the more general case of Channel State Information (CSl) feedback, which
also encompasses feeding back other entities or information than precoders to assist the
radio network node or base station in subsequent transmissions to the UE or wireless
device. Such other information may include Channel Quality Indicators (CQls) as well as
Rank Indicator (RI).

In Release 8 and 9 of LTE the CSI feedback is given in terms of a transmission rank
indicator (RI), a precoder matrix indicator (PMI), and channel quality indicator(s) (CQl).
The CQI/RI/PMI report can be wideband or frequency selective depending on which
reporting mode that is configured. This means that for CSI feedback LTE has adopted an
implicit CS| mechanism where a UE does not explicitly report e.g., the complex valued
elements of a measured effective channel, but rather the UE recommends a transmission
configuration for the measured effective channel. The recommended transmission
configuration thus implicitly gives information about the underlying channel state.

The RI corresponds to a recommended number of streams that are to be spatially
multiplexed and thus transmitted in parallel over the effective channel. The PMI identifies
a recommended precoder (in a codebook) for the transmission, which relates to the
spatial characteristics of the effective channel. The CQI represents a recommended
transport block size, i.e., code rate. There is thus a relation between a CQl and a Signal
to Interference and Noise Ratio (SINR) of the spatial stream(s) over which the transport
block is transmitted. Therefore, noise and interference estimates are important quantities
when estimating, for example, the CQI, which is typically estimated by the UE or wireless
device and used for link adaptation and scheduling decisions at the radio network node or
base station side.

The term e, in (1) represents noise and interference in a TFRE and is typically
characterized in terms of second order statistics such as variance and correlation. The
interference can be estimated in several ways. For example it can be estimated as the
residual noise and interference on the TFREs of the Cell Specific Reference Signal
(CRS), after the known CRS sequence has been pre-subtracted, i.e., after the CRS has
been cancelled. An illustration of CRS for Rel-8 of LTE can be seen in Figure 3.

SUBSTITUTE SHEET (RULE 26)
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In LTE Release-10, a new reference symbol sequence was Introduced, the Channel
State Information Reference Signal (CSI-RS), intended to be used for estimating channel
state Informatlon. The CSI-RS provides several advantages over basing the CSI feedback
on the CRS which were used, for that purpose, in previous releases. Firstly, the CSI-RS Is
not used for demodulation of the data signal, and thus does not require the same density.
This means that the overhead of the CSI-RS Is substantially less as compared to that of
CRS. Secondly, CSI-RS provides a much more flexible means to configure CS| feedback
measurements: For example, which C8I-RS resource to measure on can be configured in
a UE speclflc manner. Moreover, antenna configurations larger than 4 antennas must
resort to CSI-RS for channel measurements, since the CRS Is only deflned for at most 4
antennas.

A detailed example showing which resource elements within a resource block pair
may potentially be occupied by UE-speclfic RS and CSI-RS Is provided In Flgure 4. In this
example, the CSI-RS utilizes an orthogonal cover code of length two to overlay two
antenna ports on two consecutlve REs. As seen, many different CSI-RS patterns are
available. For the case of 2 CSI-RS antenna ports, for example, there are 20 different
patterns within a subframe. The corresponding number of patterns ls 10 and 5 for 4 and 8
CSI-RS antenna ports, respectively.

A CSI-RS resource may be described as the pattern of resource elements on which
a particular CSI-RS configuration is transmitted. One way of determining a CSI-RS
resource is by a comblnation of the parameters “resourceConfig", “subframeConfig”, and
“antennaPortsCount”, which may be conflgured by Radio Resource Control (RRC)
signaling.

Related to CSI-RS is the concept of zero-power CSI-RS resources, also known as a
muted CSI-RS, that are conflgured just as regular CSI-RS resources, so that a UE knows
that the data transmission is mapped around those resources. The intent of the zero-
power CSI-RS resources is to enable the network to mute the transmission on the
corresponding resources so as to boost the SINR of a corresponding non-zero power
CSI-RS, possibly transmitted in a neighbor cellftransmission point. For Rel-11 of LTE, a
special zero-power CSI-R8 that a UE is mandated to use for measuring interference plus
nolse Is under discussion. As the name indicates, a UE can assume that the TPs of
interest are hot transmitting on the muted CSI-RS resource and the recelved power can
therefore be used as a measure of the Interference plus nolse level. For the purpose of
improved interference measurements the agreement in LTE Releass 11 Is that the
network will be able to configure a UE to measure interference on a particular Interference
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Measurement Resource (IMR) that identifies a particular set of TFREs that Is to be used
for a corresponding interference measurement.

Based on a specified CSI-RS resourcs, that defines an effective channel for the
data transmission, and an interference measurement configuration, e.g. a muted CSI-RS
resource, the UE can estimate the effective channel and noise plus interference, and
consequently also determine which rank, precoder and transport format to recommend
that best match the particular effective channel.

CoMP transmission and reception refers to a system where the transmission and/or
reception at multipie, geographlcally separated antenna sites Is coordinated In order to
improve system performance. More specifically, COMP refers to coordination of antenna
arrays that have different geographical coverage areas. The coordination between points
can sither be distributed, by means of direct communication betwsen the different sites, or
by means of a central coordinating node. A further coordination possibility is a “floating
cluster’” where each transmisslon point is connected to, and coordinates, a certain set of
neighbors (e.g. two nelghbors). A set of points that parform coordinated transmission
and/or reception Is referred to as a CoMP coordination cluster, a coordination cluster, or
simply as a cluster in the following. In particular, a goal of using CoMP In a wireless
communications network Is to distribute the user percelved performance more evenly in
the network by taking control of the interference in the system, elther by reducing the
interference and/or by better prediction of the interference. CoMP operation targets many
different deployments, including coordination between sites and sectors in cellular macro
deployments, as weli as different configurations of Heterogeneous deployments, where
for instance & macro node coordinates the transmission with plco nodes within the macro
coverage area. In Figures 5-7 examples of wirsless communications network
deployments with CoMP coordination clusters comprising three transmission points,
denoted TP1, TP2 and TP3 are shown. The term CoMP Is sometimes understood to Imply
that different transmlssion points have different geographical locations. However, for the
purposes of embodiments of this dlsclosure, the coordinated transmisslon aspsct is
relevant also for situations where transmission points involved in coordinated transmission
have the same geographical location. For example, multiple transmission points may in
this context share the same physical antenna elements, but could use different
virtualizations, e.g., different beam directlons, as mentioned In the sarller discusslon
about Trangmission points herein. Although CoMP is referred to as an example in the
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following discussion of thls disclosure, It Is not to be understood as limiting for the
applicability of the teachings hersin.

There are many different CoMP transmission schemes that are considered; for
example:

Dynamle Point Blanking where multiple tranemiselon pointe coordinate the
transmission so that neighboring transmission points may mute the transmissions on the
time-frequency resources (TFRES) that are allocated to UEs that experience significant
interference.

Coordinated Beamforming where the TPs coordinate the transmissions in the
spatlal domaln by beamforming the tranemisslon power In such a way that the
interference to UEs served by nesighboring TPs is suppressed.

Dynamic Point Selectlon where the data transmission to a UE may switch
dynamically (in time and frequency) between different transmission points, so that the
transmission points are fully utlilzed.

Joint Transmisslon where the signal to a UE is simultaneously transmitted from
multiple TPs on the same time/frequency resource. The aim of joint transmission (JT) Is to
increase the recelved signal power and/or reducs the recelved Interference, If the
cooperating TPs otherwlge would serve some other UEs without taking the JT UE Into
consideration.

A common denominator for the CoMP transmission schemes Is that the network
needs CSI Information not only for the serving TP, but also for the channels linking the
neighboring TPs to a termlnal or UE. By, for example, configuring a unique CSI-RS
resource per TP, a UE can resolve the sffective channels for each TP by measurements
on the corresponding CSI-RS. Note that the UE is likely unaware of the physical presence
of a particular TP, it Is only configured to measurs on a particular CS|-RS resourcs,
without knowing of any association between the CSI|-RS resource and a TP.

Several different types of CoMP feedback are posslble. Most alternatives are based
'on per CSI-RS resource feedback, possibly with CQI aggregation of multiple CSI-RE
resources, and also posslbly with some sort of co-phasing Informatlon between CSI-RS
resources. The following Is a non-exhaustive list of relevant alternatives (note that a
combination of any of these alternatives Is also possible):

Per CSI-RS resource feedback corresponds to separate reporting of channel state
information (CS/) for each of a set of CSI-RS resources. Such a CSI report may, for
example, comprise one or more of a Precader Matrix Indicator (PMI), Rank Indleator (Rl),
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and/or Channel Quality Indlcator (CQI), which represent a recommended configuration for
a hypothetical downlink transmission over the same antennas used for the associated
CSI-RS, or the RS used for the channel measurement. More generally, the recommended
transmission should be mapped to physical antennas in the same way as the reference
symbols used for the CS| channel measurement.

Typically there is a one-to-one mapping between a CSI-RS and a TP, in which case
per CSI-RS resource feedback corresponds to per-TP fesdback; that Is, a separate
PMI/RI/CQI Is reported for each TP. Note that there could be interdependencies between
the CSl reports; for example, they could be constrained to have the same RI.
Interdependencies between CSI reports have many advantages, such as; reducsd search
space when the UE computes feedback, reduced feedback overhead, and In the case of
reuse of Rl there is a reduced need to perform rank override at the eNodeB.

The considered CSI-RS resources are configured by the eNodeB as the CoMP
Measurement Set. in the example shown In Figure 5, different measurement sets may be
configured for wireless devices §40 and 550. For example, the measurement set for
wireless device 540 may consist of CSI-RS resources transmitted by TP1 and TP2, since
these polnts may be suitable for transmisslon to device 540. The measurement set for
wireless device 550 may instead be configured to conslst of CSI-RS resources
transmitted by TP2 and TP3. The wireless devices will report CS| Informatlon for the
transmission polnts corresponding to their respsctive measurement sets, thereby enabling
the network to e.g. select the most appropriate transmission point for each device.

Aggregate feedback corresponds to a CSI report for a channel that corresponds to
an aggregatlon of muitiple CSI-RS. For example, a Joint PMI/RI/CQI can be recommended
for a Jolnt transmission over all antennas associated with the multiple CSI-RS.

A joint search may however be too computationally demanding for the UE, and a
simplifled form of aggregation is to evaluate an aggregate CQI which are combined with
per CS|-RS resource PMIs, which should typically all be of the same rank corresponding
to the aggregated CQl or CQle. Such a scheme also has the advantage that the
aggregated feedback may share much Information with a per CSI-RS resource feedback.
This is beneficlal, because many CoMP transmission schemes require per CSI-RS
resource feedback, and to enable eNodeB flexibility in dynamically selecting CoMP
scheme, aggregated feedback would typically be transmitted in parallel with per C8I-RS
resource fesdback. To support coherent Joint transmisslon, such per CSI-RS resource
PMis can be augmented with co-phasing Information enabling the eNodeB to rotate the
per CSI-RS resource PMIs so that the signals coherently combine at the receiver.
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For efficient CoMP or coordinated transmission operation it Is equally Important to
capture appropriate Interference assumptions when determining the CQls as it is to
capture the appropriate received desired signal. Within a coordinatlon cluster an eNodeB
can to a large extent control which TPs that interfere a UE in any particular TFRE. Hencs,
there wili be multiple Interference hypotheses depending on which TPs are transmitting
data to other terminals. in other words, the network can thus control the interference seen
on a IMR, by for example muting all TPs within a coordination cluster on the associated
TFRESs, in which case the terminal will effectively measure the Inter CoOMP cluster
Interference. In the example shown in Figure 5, this would correspond to muting TP1, TP2
and TP3 in the TFREs associated with the IMR. However, it Is essential that an eNodeB
can accurately evaluate the performance of a UE given different CoMP transmission
hypotheses —otherwise the dynamic coordinatlon becomes meaningless. Thus the
system need to be able to track/estimate also different intra-cluster interference levels
corresponding to different transmission and blanking hypotheses.

Congider for example a dynamic point blanking scheme, where there are at least
two relevant interference hypotheses for a particular UE: in ons intsrference hypothesis
the UE sees no interference from the coordinated transmission point; and in the other
hypothesis the UE sees Interference from the neighbouring point. To enable the network
to effectively determine whether or not a TP should be muted, the network may configure
the UE to report two, or generally multiple, CSls corresponding to different interference
hypotheses. Continuing the example of Figure 5, assume that the wireless device 550 Is
configured to measure CSI from TP3. However, there may potentially be an Interfering
transmisslon from TP2, depending on how the network schedules the transmission. Thus,
the network may configure the device 550 for measuring the CSI-RS transmitted by TP3
for two interference hypotheses, the first one being that TP2 is silent, and the other one
that TP2 [ transmitting an intarfering signal.

To harvest the galns of Introducing coordinated transmission or CoMP feedback It Is
essential that a radio network node or base statlon, e g an eNodeB, can accurately
predict the performancs of a UE or wireless device for various coordinated transmission
hypotheses, In order to select an appropriate downlink assignment. To this end, accurate
interference measurements at a terminal are a key element for CSl reporting targeting
different transmission hypotheses. However, current state of the art solutions for
interference measurements are constralned by current standards and/or limitations
imposed by UE specific muting of data channels, making accurate interference

10
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measurements difficult, In particular for CoMP systems employing dynamic point selection
and/or joint transmission, where the transmission point assoclatlon to a UE varies
dynamically In ime. Furthermore, it is @ssential that when the transmission configuratlon,
e g the transmission point assoclation, to the UE varies dynamieally in time, the UE is still
capable of correctly decoding received transmissions.

Thus, there is a need for improved handling of muting configurations, such as UE
specific muting of data channels when different transmission configurations are avallable

for transmitting information carrying signals in a wireless communications system.

SUMMARY

It Is therefore an object of at least some embodiments of the present disclosure to
improve the possibilities for correctly decoding recelved Information carrying signals at a
receiving node when different transmission configurations are available for transmitting
the information carrying signals In a wireless communicatlons system. It is a further object
to improve the possibllities of UE specific muting of data channsls for CoMP transmission
in a wireless communications system.

According to a first aspect, these and other objects are achleved by a method in a
recelving node for receiving an information carrying signal that is transmitted to the
receiving node by a transmitting node. The receiving and transmitting nodes are
comprised in a wireless communications system. A plurality of transmission configurations

s avallable for transmitting said informatlon carrying signal to said receiving node. The
method comprises recelving a dynamic configuration message from the transmitting node.
The dynamilc configuration message ldentifles, to said receiving node, at least one muting
configuration among a plurallty of possible muting configurations. The method further
comprises receiving sald Informatlon carrying signal from the transmitting node and
decoding sald recelved information carrying signal taking sald at least one muting
configuration into account. The at least one muting configuration is taken into account by
assuming that no Information expected to be decoded by the recelving node is transmitted
on Time-Frequency Resource Elements, TFREs, identified as muted by sald at least one
muting configuration.

According to a second aspect, these and other objects are achieved by a method in
a transmitting node for transmitting an information carrying signal to a receiving nods. The

11
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receiving and transmitting nodes are comprised in a wireless communications system. A
plurality of transmission configurations Is avallable for transmitting said Information
carrying signal to said receiving node. The method comprises determining a plurallty of
muting configurations. Each muting configuration in said plurality of muting configurations
corresponds to at least one transmisslon configuration In sald plurallty of transmission
configurations. The method compriges selecting a transmission configuration from said
plurality of transmission configurations for transmitting said information carrying signal to
sald recelving node and transmitting a dynamic conflguration message to sald recelving
node. The dynamic configuration message identifies, to said receiving nods, the at [east
one muting conflguration out of said plurallty of muting configurations that corresponds to
said selected transmission configuration. The method further comprises transmitting said
information carrying slgnal to sald recelving node in a transmission according to said
selected transmission configuration, wherein the transmisslon Is muted In accordance with
the identified at least one muting conflguration.

According %o a third aspect, these and other objects are achleved by a recelving
node for receiving an information carrylng signal from a transmitting node. The receiving
node is configurable to communicate with the transmitting node in a wireless
communications system. A plurality of transmission conflgurations is available for
transmitting said informatlon carrying signal to said receiving node. The recelving node
comprises radio clrcuitry and processing circuitry. The processing circuitry is configured to
racelve a dynamic configuration message from the transmitting node via said radlo
clreuitry. The dynamic configuration message identifies, to sald recelving node, at [east
one muting conflguration among a plurallty of possible muting configurations. The
processing circuitry i further conflgured to receive said information carrylng signal from
the transmitting node vla said radio circuitry, and to decode said received information
carrying signal taking said at [east one muting configuration into account. The at [east one
muting conflguration Is taken into account by assuming that no Information expected to be
decoded by the receiving node ls transmitted on Time-Frequency Resource Elements,
TFRES, ldentifled as muted by said at ieast one muting configuration.

According to a fourth aspect, these and other objects are achieved by a transmitting node
for transmitting an Information carrying signal to a recsiving node. The transmitting node
is configured to be connectable to radio circuitry for communicating with the receiving
node. The transmitting node is thus conflgurable to communicate with the recelving node

12
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in a wireless communications system. A plurality of transmission configurations are
available for transmitting said information carrying signal via sald radlo circuitry to said
recelving node. The transmitting node comprises processing circuitry configured to
determine a plurality of muting configurations. Each muting configuration in said plurality
of muting configurations corresponds to at least one transmisslon conflguration In said
plurality of transmlission configurations. The processing clrcultry is further configured to
eelect a tranemission configuration from said plurality of transmlssion configuratione for
transmitting said information carrying signal to said receiving node. The processing
circultry Is further configured to transmit a dynamic configuration message to said
receiving node via said radio circuitry. The dynamic configuration message identifiss, to
sald recelving node, the at least one muting conflguration out of sald plurallty of muting
configurations that corresponds to said selected transmission configuration. The
processing circuitry Is further configured to transmit, via said radio cireuitry, the
information carrying signal to said recsiving node in a transmission according to the
selected transmission configuration, wherein the transmission is muted in accordance with
the Identlifled at least one muting configuration.

The above objects are achlevad since a plurality of muting configurations are
determined by the transmitting node and at |east one muting configuration corresponds to
a selected transmission configuration ussd by the transmitting node for transmitting an
information carrying signal to the receiving node that has been informed in a dynamic
conflguration message about the at least one muting configuration so that It can be
applied when decoding the recelved Information carrying signal, thereby enabling the
receiving node to correctly decode recelved informatlon carrying signals.

Furthermore, the possibliltles of having muting configurations, e g for muting of data
channels for CoMP {ranamission, that are spscific to a recelving node, such as a UE, are
improved when the muting configuration applied at the receiving nods is brought in
correspondence with the muting configurations applied by the transmission polnts
involved in the selected transmission configuration through the dynamic configuration
message.

An effect of the methods is that link adaptation and CS| reporting ls improved in the
wireless system when the muting configurations of receiving nodes are brought in
accordance with muting configurations applied at different transmission points from which
the information carrying signal Is transmitted to the recsiving nodes.

13
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Moreover, the Interference measurements may be made to better reflect the
performance when there is actual intra-cluster Interference present without bias imposed
by varying traffic load in the system. This will translate to Improved link adaptation and
spectral efficlency In the wireless system.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram lliustrating the transmission structure of the
precoded spatlal multiplexing mode in LTE.
Figure 2 is a schematic diagram illustrating the LTE time-frequency resource grid.

Figure 3 is a schematic diagram illustrating cell-specific reference signals.

Flgure 4 Is a schematic dlagram showing example layouts of reference signals.

Figure § is a schematic diagram illustrating a coordination cluster in a wireless network.
Figure 8 is a schematic diagram illustrating a coordination cluster In a wirsless network.
Figure 7 Is a schematlc dlagram illustrating a coordination cluster in a wireless network.

Figure 8 Is a schematic dlagram illustrating a scenario in a coordination cluster in a

wireless network.
Figure @ deplcts flow charts lllustrating methods according to some embodiments.

Flgure 10 Is a block diagram illustrating a transmitting nods according to some
embodiments.

Flgure 11 Is a block diagram illustrating a receiving node according to some
embodiments.

DETAILED DESCRIPTION

In this section, the Invention will be illustrated in more detail by some exemplary
embodiments. It should be noted that these embodiments are not mutually exclusive.
Components from one embodiment may be tacitly assumed to be present In another
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embodiment and It will be understood by a person skllled In the art how those
components may be used in the other exemplary embodiments.

It should be noted that although terminology from 3rd Generation Partnership
Project (3GPP) LTE has been used in this disclosure to exemplify the invention, this
ghould not be geen as limiting the scops of the invention to only the aforementioned
system. Other wireless systems, inciuding Wideband Code Division Multiple Access
(WCDMA), Worldwide Interoperability for Microwave Access (WiMax), Ultra Mobile
Broadband (UMB) and Global System for Moblle Communications (3SM) systems, may
also benefit from exploiting the ideas covered within this disclosure.

Further, terminology such as eNodeB and UE should be consldered as non-limiting
and does In particular not imply a certain hierarchical relation between the two; in general
the term "eNodeB" or base station could be considered as a first device, first node or
transmitting node and the term “UE" could be considered as a second device, second
node or recelving node, and these fwo devices communicate with each other over a radlo
channel that may be of various types, for sxample a muitiple-input-muitiple-output,
"MIMO" channel. Herein, we also focus on wireless transmissions in the downlink, | & from
the eNodeB to the UE, but the teachings of the embodiments described herein are equally
applicable in the uplink, i e from the UE to the eNodeB. Thus, in such embodiments the
receiving nods may be the eNodeB or base station and the fransmitting node may be the
UE.

As mentioned above, Interference measurement resources (IMRs), are adopted by
the LTE standard to enable the network to better control the interference measurements
in the UEs. By muting a partlcular set of transmission points on a corresponding IMR a UE
will only measure the residual interference caused by any non-muted transmlssion point in
the viclnity. Hence, in a coordinated cluster of transmission polnts, the IMR is a powerful
tool for meaeuring the uncontrolled residual interference outside of the coordinated
cluster, when all coordinated tranemission points are muted on the resource slements of
the IMR. However, to select a transmisgion configuration for a UE, the system needs to be
able to track/estimate also different intra-cluster Interference levels corresponding to
different transmission and blanking hypotheses. It has therefore been proposed to allow
configuration of multiple distinct IMRs, whereln the network Is responsible for realizing
different relevant (Intra-cluster) interference hypotheses In the different IMRs, e.g., by
muting the data transmissions accordingly on different transmission points, and that a UE
should bs able to perform muitiple interference measurements, corresponding to differsnt
intra-cluster interference hypotheses, by means of configuring multiple IMRs; thus
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enabling CQI reporting for the different interference hypotheses. Hence, by associating a
particular reported CQI with a particular IMR the relevant CQls can be made available to
the network for effsctive scheduling.

The network would thus be responslble for configuring the transmissions so that the
interfersance measured on the different IMRs corresponds to the deslired Interference
hypotheses; that Is, for each IMR a set of transmission points will be muted, and Intra-
cluater Interference only from the remalning coordinated (and un-coordinated)
transmission points will be present on the IMR.

The inventors have realized that in systems, where the transmission to a spacific
UE Involves, or changes between, multiple transmisslon polnts, such as systems
operating with dynamic point selection and/or joint transmisslon, i @ transmission from
multiple transmission polints, there will be a mismatch between a conflgured muting
pattern specific to the UE, and one of the potentially different targeted muting patterns of
two different involved transmisslon points. This situation Is lllustrated In Figure 8, where a
UE 803 has been conflgured with a muting configuration 815 by the network, e g in RRC
signalling, wherein the UE 803 should expect TFREs comprised in IMR2 855 and IMR3
860 to be muted, whereas the UE 803 should expect that transmissions may occur on
IMR1 850. The UE 803 is currently connected to the network via TP1 801. This
transmission point has been conflgured by the network with a muting configuration 810
according to which transmissions are muted on IMR2 840 and IMR3 845 whereas
transmissions may occur on IMR1 835. As thls is also the muting configuration of the UE
803, the UE 803 will bs able to demodulate/decode codewords that are mapped around
the muted TFREs of IMR2 and IMR3. [f, however, the connectlon of the UE 803 to the
network switches to TP2 802, there will be a mismatch between the muting configuration
805 of TP2 802 and the muting conflguration 815 of the UE 803. For exampls, UE 803 wlil
expect tranemleslons on the TFREs of IMR1 850, whersas according to the muting
configuration 805 of TP2 802 IMR1 820 will be muted. This means that UE 803 will not be
able to demodulate/decode codewords that are mapped around the muted TFREs of
IMR1, meaning that the UE 803 will then not be able to Interpret the transmitted
information anymore. If, on the other hand, TP2 802 would then transmit on IMR1 820, It
would change the resuits of measurements made by other UEs on IMR1 820 so that
these measurements would no longer glve adequate Information for CS| reporting. This
would deterlorate link adaptation and degrade the overall performance and spectral
efflclency of the network.
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According to embodiments of this dlsclosure, this situation Is avolded by
dynamically configuring a UE with a muting configuration applicable for the selected
transmit configuration. This means that depending on what tranemigsion point or points
are selected for transmissions to the UE, the UE is configured by a radio network node,
such as an eNodeB, with a dynamically conflgurable date/control muting pattern, i ¢ a set
of TFREs that the UE should expect to be muted, that is compatible with the muting
pattern or patterns of the one or mors transmission points. This may for example be
Implemented In form of a table 870 of muting conflgurations 875, 880, 885 where each
muting conflguration is applicable to at least one transmit configuration. In the example of
Figure 8 muting configuration Mute1 875 corresponds to a transmit conflguration where
transmissions to the UE 803 are transmitted from TP1 801, muting configuration Mute2
880 corresponds to a transmit configuration where transmissions to the UE 803 are
transmitted from TP2 802, and muting configuration Mute3 885 corresponds to a transmit
configuration where transmissions to the UE 803 are transmitted from TP1 801 and TP2
802. In this latter case, the UE 803 should thus assume that no muting is mads on IMR1
835 and IMR2 825, whereas IMRS is muted, as neither TP1 801 nor TP2 802 transmits on
IMR3 830, 845.

By dynamic signalling to the UE, e.g., by indication by bits in a Downlink Control
Informatlon (DCI) format on PDCCH, an indicator of the muting conflguration or
configurations that determines which resource elements that should be assumsd muted
in, for example, a downlink data transmission, the muting pattern may be adjusted to
match a desired muting pattern for the specilflc transmisslon point(s) that are transmitting
to the UE in a given instance. This resolves the problem of mismatches between a UE
specific mutlng conflguration and the desired muting patterns for a specific transmigslon
point.

Another difficulty when operating coordineted transmisslon and reception, e g
CoMP, In coordination clusters where different fransmission points belong to different cells
is that the different transmisslon points may, firstly transmit CR8 on different sets of
TFRES, e g corresponding to different CRS configurations comprising different CRS shifts
and number of CRS antenna ports, and secondly may have different PDCCH regions; that
is, the number of Inltlal OFDM symbols that are devoted to the PDCCH may be different.
This becomes challenging when the PDSCH transmission to a UE that is connected to a
single serving cell of one of the transmission points, is switched to a nelghboring
transmisslon point, since the PDSCH then may c¢oliide with the PDCCH and the CRS
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transmitted by that neighboring transmisslon point. These problems are also alleviated by
embodiments of this disclosure.

Figure 5 lllustrates an example wireless communications system 500 In which various
embodiments of the Inventlon may be implemented. The three transmission points 510,
520 and 530 form a CoMP coordination cluster. In the following, for purposes of
llustration and not limitation, it will be assumed that the communications system 500 is an
LTE system. Transmission points 510, 520 and 530 are remote radio units (RRU:s),
controlled by eNodeB 5680. In an alternative scenario (not shown), the transmission polints
could be controlled by separate sNodeBs. It should be appreciatad that, gensrally
speaking, each network node, e.g. eNodeB, may control one or more transmission points,
which may either be physically co-located with the network node, or geographically
distributed. In the scenarlo shown In Figure 5, it Is assumed that the transmission points
510, 520 and 530 are connected to eNodeB 560, e.g. by optical cable or a point-to-point
microwave connection. In the case where some or all of the transmisslon points forming
the cluster are controlled by different eNodeBs, those eNodeBs would be assumed to be
connected with each other 8.g. by means of a transport network, to be able to exchange
information for possible coordination of transmission and reception.

It should be appreclated that although examples herain refer to an eNodeB for
purposes of lllustration, the invention applies to any network node. The expreesion
“network node” as used in this disclosure Is Intended to encompass any radio base
station, e.g. an eNodeB, NodeB, Home eNodeB or Home NodeB, or any other type of
network node that controls all or part of a CoMP cluster.

The communications system 500 further comprises two wireless devices 540 and 550.
Within the context of this disclosurs, the term "wireless device” encompasses any type of
wireless node which is able to communicate with a network node, such as a base station,
or with another wireless device by transmitting and/or recelving wireless signals. Thus,
the term “wirsleas device" encompasses, but is not limited to: a user equipment, a mobile
terminal, a statlonary or mobile wireless device for machine-to-machine communlcation,
an Integrated or embedded wireless card, an externally plugged in wireless card, a dongle
otc. The wireless device may also be a network node, e.g. a base station. Throughout this
disclosure, whenever the term “user equipment’ Is used this should not be construed as
limiting, but should be understood as encompassing any wireless device as defined
above.
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A reference signal resource comprises a set of resource elements in which one or
more reference signals corresponding to a deslred signal are received. In particular
embodiments the reference signal resource is a CSI-RS resource. Howaver, the reference
signal resource may be any other type of RS resource which may be used to estimate a
desired signal, e.g. a CRS resource.

More generally, some embodiments provide a method in a receiving node for
recelving an information carrying signal, as will now be described with reference to Figure
6 and the flowchart of Figure 9. The Informatlon carrying signal is transmitted to the
receiving node 540 by a transmitting node §60. The recelving node 540 and the
transmitting node 560 are comprised In a wireless communlications system 500. A plurality
of transmit configurations, also denoted trangmission configurations, are available for
transmitting the information carrying signal to the recelving node 540. A transmit
configuration may Involve transmission from one or more transmission points 510, 520,
530 controlled by the transmitting node 560. Other transmit conflgurations may In addition
involve at least one transmission point controlled by a neighboring transmitting node. The
recelving node 540 may for example be a UE or a wireless device. The transmitting node
560 may for example be a radio network node such as an eNodeB, The wireless
communications system 500 may In some embodiments be configured to apply
Coordinated Multipoint Transmission for transmissions to the receiving node 540, At least
some of the plurality of transmit conflgurations may then be provided for by CoMP
transmisslon. The receiving node 540 may be configured for or capable of feaeding back
CSI for CoMP transmisslon.

In step 810 the receiving node 540 receives a dynamic conflguration message from
the transmitting node 560. The dynamic configuration message identifies at least one
muting conflguration to the receiving node, among a plurality of possible muting
configurations. The plurality of muting conflgurations may comprise muting configurations
that cover time-frequency resource elements (TFREs) that are zero-power CSI-RS
configurable, i.e. which can be configured as zero-power CSI-RS conflgurations.
Additionally or alternatively the plurallty of muting configurations may comprise at least
one muting configuration that covers TFREs of at least one CRS configuration.
Furthermore, the plurality of muting configurations may comprise at least one muting
conflguration that covers all TFREs of an OFDM symbol. In some embodiments a muting
configuration that covers TFRES that are zero-power CSI-RS configurable may in addition
cover TFREs of at least one CRS configuration and/or all TFREs of an OFDM symbol.
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In some embodiments the at least one muting configuration may be identifled by an
indicator in the dynamic configuration message. The indicator may comprise one or more
bits in a Downlink Control Information, DCI, format. The at least one muting conflguration
may comprise a zero-power Channel State Information Reference Signal, CSI-RS,
configuration. According to some embodiments the at least one muting configuration may
additionally or alternatively cover TFREs of at least one Cell Speciflc Reference Signal,
CRS, configuration and/or all TFRESs of an Orthogonal Frequency Division Multiplexing,
OFDM, symbol.

In step 820 the receiving node 540 receives the information carrying signal from the
transmitting node 560. The Informatlon carrying signal may be recelved from the
transmitting node 560 In a coordinated transmission via one or more transmission points
510, 520, 5630. The transmission points may in some embodiments be controlled by the
transmitting node 560. In other embodiments, at least one of the one or more
transmission points may be controlled by a nelghboring transmitting node. The
coordinated transmission may In some embodiments be a Coordinated Muiti-Point
transmission. The Information carrying signal may for example be a downlink data and/or
control transmission.

In step 930 the recelving node 540 decodes the received information carrying signal
taking the at least one muting configuration into account. To take the at least one muting
configuration into account the recelving node 540 assumes that no information that is
expected to be decoded by the receiving nods 540 Is transmitted on Time-Frequency
Resource Elements, TFRES, that are Identified ags muted by the at least ons muting
configuration. According to some embodiments the at least one muting conflguration
Identifled In the dynamic configuration message recelved from the transmitting node 560
in a current subframe may be applied by the receiving nods 540 for decoding of the
informatlon carrying signal in the current subframe.

The at least one muting configuration may in some exampies be a dynamic muting
pattern of time-frequency resource elements on which the recelving node §40 may
assume that a data and/or control signal Is hot transmitted. In such examples, the muting
pattern is dynamic in that It Is @ muting pattern of TFREs that has been adjusted by the
transmitting node 560 to match a deslred muting pattern for one or more specific
transmission polnts that are transmitting to the receiving node 540 In a given Instance.
The given instance may be a current subframe In which the dynamic configuration
message is received from the transmitting node 560 and wherein the muting pattern is
applled for decoding of the information carrying signal In the current subframe.
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Further embodiments provide a method in a transmitting node for transmitting an
Information carrying signal, as will now be described with reference to Figure 5 and the
flowchart of Figure 9. This method corresponds to the receiving node method described
above with reference to the same Figures 5 and 9. The transmitting node is comprised in
or controls a cluster for coordinated multipoint transmission, e.g. the cluster TP1-TP3
shown In Flgure 5. More generally, the tranemitting node ie associated with the cluster, As
particular example, the transmitting node may be the eNodeB 560 controliing TP1-TP3,
which are remote radio heads. [n an alternative scenario, such as that shown In Figure 6,
the transmitting node Is an eNodeB wilth three sector antennas which correspond to
transmission points TP1-TP3, forming a CoMP cluster 600 wherein a recelving node 640
Is located. In yet another scenarlo, as shown In Figure 7, TP1-TP3 may form a CoMP
cluster 700 wherein a receiving node 740 is located, and the transmitting node may elther
be the eNodeB controliing TP1 and TP3, or the eNodeB controlling TP2, and ssrving pico
cell 720.

In the method, the information carrying signal is fransmitted to a receiving node 540
by the transmitting node 560. The recelving node 540 and the transmitting node 560 are
comprised in a wireless communications system 500. A plurality of transmit
configurations, also denoted transmission configurations, are avallable for transmitting the
Information carrying signal to the receiving node 540. A transmit configuration may invoive
transmission from one or more transmilssion polnts 510, 520, 530 controlled by the
transmitting node 580. Other transmit configurations may in addition involve at least one
transmission point controlled by a nelghboring transmitting node. The recelving node 540
may for example be a UE or a wireless device. The transmitting node 560 may for
example be a radio network node such as an sNodsB. The wirsless communications
system 500 may in some embodiments be configured to apply Coordinated Multipoint
Transmission for transmissions by the transmitting node 560. At least some of the plurality
of transmit configurations may then be provided for by CoMP transmission. The receiving
node 540 may be conflgured for or capable of feeding back CSI for CoMP transmigsion.

In step 940 the tranamitting node 560 determines a plurality of muting
configurations. Each muting configuration In the plurality of muting configurations
corresponds to or may be associated with at least one transmit configuration in the
plurality of transmit configurations. The plurality of muting configurations may comprise
muting configurations that cover time-frequency resource elements (TFREs) that are zero-
power CSI-RS configurable, i.e. which can be configured as zero-power CSI-RS
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configurations. Addltlonally or alternatively the plurality of muting configurations may
comprise at least one muting configuration that covers TFRESs of at least one CRS
configuration. Furthermore, the plurality of muting configurations may comprise at least
one muting configuration that covers all TFREs of an OFDM symbol. In some
embodiments a muting configuration that covers TFREs that are zero-power CSI-RS
configurable may in addition cover TFREs of at least one CRS conflguration and/or all
TFREs of an OFDM symbol. In some embodiments each transmit configuration in the
plurslity of tfransmit configurations is associated with one or more muting conflgurations in
said plurality of muting configurations. The plurality of muting configurations may in some
embodiments correspond to a plurality of downlink transmission hypotheses for which the
receiving node 540 may have besn requested to report CSI information.

In step 850 the transmitting node 560 selects a transmit configuration from the
plurality of transmit configurations for transmitting the information carrying signal to the
receiving nods 540, The transmit conflguration may in some embodiments be selected
based on reported CS! information from the receiving node 540. The selected transmit
configuration may correspond to a specific one of the plurality of downlink transmission
hypotheses.

In step 860 the transmitting node 5§60 transmlts a dynamlc conflguration message to
the recelving node 540. The dynamic configuration message identifies at least one muting
configuration out of the plurality of muting configurations to the recelving node §40. The at
least one muting conflguration corresponds to or is associated with the selected transmit
configuration. In some embodiments the at least one muting configuration may be
Identifled by an indicator in the dynamic configuration message. The Indlcator may
comprise one or more bits In a Downlink Control Information, DCI, format. The at |east
one muting configuration may comprise a zero-power Channel State Information
Reference Signal, CSI-RS, configuration. According to some embodiments the at least
one muting configuration may additionally or alternatively cover TFREs of at Isast one Cell
Specific Reference Signal, CRS, configuration and/or all TFREs of an Orthogonal
Frequency Dlvislon Muitlplexing, OFDM, symbol.

In step 870 the transmitting node 560 transmits the Information carrying signal to the
recelving node 540 In a transmission according to the selected transmit configuration. The
transmission is muted In accordance with the Identified at least one muting configuration,
or in other words in accordance with the at least one muting conflguration assoclated with
the selected transmit configuration. According to some embodiments the at least one
muting configuration Identifled In the dynamic configuration message transmitted by the
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transmitting node 560 in a current subframe may be intended to be applied by the
recelving nods 540 for decoding of the Information carrying slgnél In the current subframe.
In some examples the at least one muting configuration may be a dynamic muting pattern
of time-frequency resource elements on which the recelving node 540 may assume that a
data and/or control signal Is not tranemitted. In such examples, the muting pattern is
dynamic in that it is a muting pattern of TFREs that may be adjusted by the transmissing
node 560 to match a desired muting pattsrn for one or more spacific transmlesion pointe
that are transmitting to the receiving node 540 in a given instance. The given instance
may be a current subframe in which the dynamic configuration message is transmitted by
the transmitting node 580 and wherein the muting pattern Is to be applled by the recelving
node 540 for decoding of the Information carrying signal In the current subframe.

The information carrying signal may be transmitted by the transmitting node 560 In a
coordinated transmission via one or more transmission pointe 510, 520, 530. The
transmission points may [n some embodiments be controlled by the transmitting node
560. In other embodiments, at least one of the one or more transmission points may be
controlled by a neighboring transmitting node. The coordinated transmission may in some
embodiments be a Coordinated Multi-Point transmission. The information carrying slgnal
may be a downlink data and/or control signal.

When the methods illustrated above are Implemented in a wireless communications
system according to the LTE standard, the receiving node 540 may be a User Equipment,
UE, served by a serving cell and the transmitting node 560 may be an eNodeB. The at
least one muting configuration may then be determined from the indicator transmitted by
the eNodeB and recelved by the UE in the dynamic configuration message, system
information of the serving cell of the UE and/or dedicated radlo resource control
messages from the eNodeB to the UE.

Furthermore, when the methods are Implemented in a wireless communications
system according to the LTE standard, informaticn that specifies Resource Element
mapping of a Physical Downlink Shared Channel may include one or more of: the at least
one muting conflguration, information on a number of OFDM symbols occupied by a
Physlcal Downlink Control Channel, TFREe occupied by CRS, and configured non-zero
power CSI-RS. In some such embodiments, information that specifies Resource Element
mapping of a Physical Downlink Shared Channel Includes the at Isast one muting
configuration together with one or mors of: information on a number of OFDM symbols
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occupled by a Physical Downlink Control Channel, TFREs occupied by CRS, and
configured non-zero power CSI-RS.

An effect of the methods is that link adaptation and CSI reporting is improved in the
wireless system when the muting conflgurations of receiving nodes are brought in
accordance with muting configurations applled at different transmission points from which
the information carrying signal is transmitted to the recelving nodes.

In the above described methods "dynamic” should be interpreted as occurring
substantially faster than e.g., a8 sem!-static Radlo Resource Control (RRC) re-
conflguration. A typical case Is that the dynamic configuration Is instantaneous and
associated with a specific downlink allocation.

A muting configuration, e.g. a muting pattern may span muitiple subframes, and
may potentlally be repeated cyclically. Moreover, the muted resource slements in such a
muting pattern may not be present in every subframe, but for example, only occur in a
single subframe that is repeated with a specific periodicity.

For such multl subframe muting patterns, It should be understood that If such a
pattern Is dynamically configured, then it should be assumed for the decoding of the
received signal that the muting pattern corresponding to the subframe of the recelved
signal should be applled.

It could also be considered to have muting patterns spanning a single subframe
only, and the dynamic configuration of the muting pattern then corresponds to applying
the single subframe muting pattern for decoding of the signal in the current subframe (or
the subframe of an associated downlink asslgnment).

Further, a special example of a muting pattern Is a pattern without any muting.

Muting of data/control may be implemented in different ways. One commeon way Is
to puncture the data transmission; that is, the data/control codeword is mapped as if therse
was no muting, and then the resource elements that should be muted are set to zero
transmission power. Alternatlvely, the codeword Is rate matched around (i.e., mapped
around) the muted resource elements. The latter option has better performance, but
cannot be decoded unless the UE fully knows the exact muting pattern. Hence, if the
muting is punctured, it is sufficlent that 8 UE “may assume” that the data Is punctured
since a different assumption is not catastrophic, i e does not have severe impact on the
performance, whereas in case of rate matching a UE “shall assums” that the data is
muted on the set of REs, since a different assumptlon results In catastrophic performance.
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It should also be noted that said dynamic muting pattern typically not specify the
complete resource element mapping of a data and/or control channel, e.g., the PDSCH.
Other parameters impacting the RE mapping of a Physical Downlink Sharad Channel
(PDSCH) may include: The number of OFDM symbols occupled by the Physical Downlink
Control Channel (PDCCH), the mapping of the CRS transmisgion (e.g., the PDSCH Is not
mapped onto TFREs occupled by the CRS), a conflgured non-zero power CSI-RS, etc.

In a first embodiment said dynamic muting configuration Is completely determined
by a dynamic indicator transmitted to the UE, system information of the serving cell of the
UE, and/or dedicated radio resource control messages from the eNodeB to the UE; that
Is, the UE Is not expected to decods any broadcasted system information of any
neighboring cell to acquire said information.

In one embodiment sald dynamlc muting patterns or muting configurations are zero-
power CSI-RS configurations.

In another embodiment sald dynamic muting patterns may be limited to resourcs
elements that may be configured as zero-power CSI-RS configurations.

In another embodiment, at least one of said dynamic muting configurations covers
the TFREs of at least one CRS configuration.

This embodiment has the advantage that It Is possible to dynamically mute the
PDSCH on a specific CRS configuration. Hence, if the UE is dynamically scheduled
between two transmission points with different CRS configurations, the UE may be
informed not to recelve the PDSCH on the TFREs where the neighbor transmission point
is fransmitting its CRS. This is particularly useful when the PDSCH transmission to the UE
is originating from sald nelghboring transmission point.

In another embodiment, at Ieast one of sald dynamic muting conflgurations covers
all TFREs of an OFDM symbol. In a speclal such case if where the at least one dynamic
muting configuration covers all TFREs of the first N OFDM symbols. Typically N would be
one, two, or three OFDM symbols, corresponding to the posslble PDCCH regions of a
nelghboring cell.

This embodiment has the advantage that the UE can be Instructed not to receive
the PDSCH in the OFDM symbols where a neighboring transmission point that belong to
a different cell Is transmitting Its PDCCH, which Is highly useful when the transmission to
said UE originates from said nelghboring transmisslon point.

Dynamle muting patterns that are zero-power CSI-RS configurations has the
advantage that also LTE Rel-10 terminals may bs configured to be muted on the speclfic
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resources, since they are capable of zero-power CSI-RS configurations. Note also that
Rel-10 UEs are not capable of multipoint CSI feedback, and are therefore likely not
candidates for switching transmission points, and therefore it Is sufficient to statically
allocate a zero-power CSI-RS for these terminals.

In a further embodiment, the method further comprises receiving from an eNodeB a
configuration message Identlfylng an enumerated set of candidate muting patterns, and
wherein said dynamic configuration Indicates a specific subset of said enumerated
candidate muting patterns, and wherein said dynamic muting pattern overlaps the union

of said specific subset of candidate muting patterns.

In one such embodiment, at lsast ons of said set of candidate muting patterns
covers a zero-power CSI-RS configuration.

In one such embodiment, at least one of said set of candidate muting patterns
covers the TFRESs of a CRS conflguration.

In another such embodiment, at least one of said set of candidate muting patterns
covers all the TFREs of a OFDM symbol.

It should be understood that a speclal case of the above embodiment is where said
specifc subset contains (or s limited to) a eingle candidate muting pattern. We algo note
that in this context subset should not be limited to be a strict subset; that is, it could very
well contain all of sald enumerated candldate muting patterns.

In a further such embodiment, the dynamic muting pattern is the union of said
specific subset of candidate muting patterns, and a statlc (or semi-static) muting pattern
conflgured for the UE.

For example, a zero power (ZP) CSI-RS configuration could be configured for the
UE, which covers resource elements that should be muted regardisss of which
transmission point (corresponding to resources in e.g., the CoMP Measurement Set) the
transmleelon to the UE may occur from. On top of this common muting configuration, a
dynamic part could be configured covering only the difference of the desired muting
configurations of, for example, two different candidate transmigsion points.

In alternative embodiment, said dynamic muting patterns ls determined as a
configured static (or semil-statlc) muting pattern but where said dynamic configuration
Indicates a set of resource elements on which the data shouid not be muted, even if a
muting is indicated by the static muting pattern, I.e., the dynamic no-muting configuration
overrides the static muting configuration,

In ons such embodiment the static muting pattern Is an enumerated set of zero-
power CSI-RS, as configured by parameters including zeroTxPowerRaesourceConfigList,
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and wherein said dynamic configuration identifles a bltmap, where each bit determines If a
muting corresponding to a specific zero-power CSI-RS, as configured by
zeroTxPowerResourceConfigList, should not be muted.

Alternatively, in another embodiment the dynamic muting pattern may be an
enumerated get of zero-power CSI-RS, as configured by parameters including
zeroTxPowerResourceConfigList, and the dynamic conflguration message may identify a
bitmap, where each bit determines If a speclfic zero-power CSI-RS, as conflgured by
zeroTxPowerResourceConfigList, should be muted.

In another embodiment the UE Is Informed, by an eNodeB, of a plurality of desired
muting patterns of a plurality of transmission nodes or points, and said dynamlc
configuration identifies a specific transmission node or point to receive said transmission.

Here, the concept of a “transmission hypothesis" corresponds to a specific
allocation in terms of e.g,, which transmission point Is transmitting, and/or on which
subframe the transmisslon occurs, and/or which subband the transmission occurs.

The embodiments of the invention provides a solution to freely construct the
Interference composition on an IMR without any limitations imposed by UE specific muting
configurations. Moreover, the interference measurements may be made to better reflect
the performance when there s actual Intra-cluster interference present without bias
imposed by varying traffic load in the system.

This will translate to improved link adaptation and spectral efficiency In the wireless
system.

Flgures 10-11 lllustrate devices configured to exscute the methods described in
relation to Figure 9.

Figure 10 illustrates a transmitting node 1000 for transmitting an information
carrylng signal to a recelving node 540. The transmitting nods 1000 comprises processing
cireuitry 1020, and is configured to be connectable to radio clrcuitry 1010 for
communicating with the recelving node 5§40 in a wireless communications system 500. A
plurality of transmission configurations, algo denoted transmit configurations, are available
for transmitting the information carrylng signal via the radio circuitry 1010 to the receiving
node 540. The wireless communications system 500 may In some embodiments be
configured to apply Coordinated Multipoint Tranemigsion. The tranemitting node 1000 may
then be configured to provide for at least some of the plurallty of transmission
configurations by CoMP transmigslon. In some varlants, the radio cireuitry 1010 is
comprised in the transmiltting node 1000, whereas in other variants, the radio circuitry
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1010 is external. For example, In the example scenario in Figure 5, the transmitting node
560 corresponds to transmitting node 1000. The radlo circuitry in this examp!le resides in
the distributed transmission polnts TP1-TP3, which are not physically co-located with
transmitting node 560. However, in the example shown in Figure 8, the transmiseion
points correspond to sector antennas at the tranemitting node, e.g. the eNodeB, and In
thie case the radio circuitry may be comprised in the transmitting node. The transmitting
node 560, 1000 comprises a memory 1030, a network interface 1040 for communicating
with network nodes and processing clrcuitry 1020.

The processing circuitry 1020 is configured to determine a plurality of muting
configurations. Each muting configuration in the plurality of muting configurations
corresponds to or may be associated with at least one transmission configuration in the
plurality of transmission configurations. The plurality of muting configurations may
comprise muting configurations that cover time-frequancy resource elements (TFRES)
that are zero-power CSI-RS configurable, i.e. which can be conflgured as zero-power
CSI-RS conflgurations. Additionally or alternatively the plurality of muting configurations
may comprise at least one muting conflguration that covers TFREs of at least one CRS
configuration. Furthermore, the plurality of muting configurations may comprise at least
one muting conflguration that covers all TFREs of an OFDM symbol. In some
embodiments a muting configuration that covers TFREs that are zero-power CSI-RS
configurable may In additlon cover TFRESs of at least one CRS configuration and/or all
TFRESs of an OFDM symbol.

The processing circuitry 1020 is further configured to select a transmission
configuration from sald plurality of transmission configurations for transmitting the
Information carrying signal to the recsiving node 540, and to transmit, to the recelving
node 540 via the radlo clrcultry 1010, a dynamic configuration message identifying, to the
recelving node 540, the at least one muting configuration out of said plurality of muting
configurations that corresponds to or ie associated with the selected transmisslon
configuration. In some embodiments the processing clreultry 1020 may be configured to
Indicate the at least one muting configuration by an indicator in the dynamic configuration
message. The Indlcator may comprise one or mere bits In a Downlink Control Information,
DCI, format, The at Ieast one muting configuration may comprise a zero-power Channel
State Information Reference Signal, CSI-RS, configuration. According to some
embodiments the at least one muting configuration may additionally or alternatively cover
TFREs of at least one Cell Specific Reference Signal, CRS, configuration and/or all
TFRESs of an Orthogonal Frequency Division Multiplexing, OFDM, symbol. Further,
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according to some embodiments the processing circuitry 1020 may be configured to
transmit the dynamic configuration message identifying the at least one muting
configuration in a current subframe In which the at least one muting configuration is
intended to be applied by the receiving node 540 for decoding of the information carrying
signal. In some examples the at least one muting configuration may be a dynamic muting
pattern of time-frequency resource elements on which the recelving node 640 may
assume that a data and/or control signal ig not transmitted. In such examples, the muting
pattern [s dynamic in that the processing circuitry 1020 may be configured to adjust the
muting pattern to match a desired muting pattern for one or more specific fransmission
points that are transmitting to the receiving node 540 In a glven Instance. The glven
instance may be a current subframe in which the processing circuitry 1020 is configured
to transmit the dynamic configuration message and in which the muting pattern Is to be
applied by the recelving node 540 for decoding of the Information carrying signal.

In addition, the processing circuitry 1020 is configured to transmit, via the radio
circuitry 1010, the Information carrying signal to the receiving node 540 in a transmission
according to the selected transmisslon conflguration. The transmission Is muted in
accordance with the identified at least one muting configuration. The processing circuitry
1020 may be configured to transmit the Information carrylng signal In a coordinated
transmiselon via radio circuitry 1010 at one or more transmission points 510, 520, 530,
The transmission points may in some embodiments be controlled by the transmitting node
1000. In other embodiments, at least one of the one or more transmission points may be
controlled by a neighboring transmitting node. The coordinated transmisslon may In some
embodiments be a Coordinated Multl-Point transmission. The information carrying signal
may be a downlink data and/or control signal.

In an alternative realization of the transmitting node 1000, the transmitting node
1000 may comprise several functional units which can be implemented in hardware,
software, firmware or any combination thereof. In an embodiment, the transmitting node
1000 Includes: a determining unit configured to determine the plurality of muting
configurations, a selection unit configured to select the transmission configuration from
said plurality of transmission configurations and a transmit unit configured to transmit the
dynamilc conflguration message identlfylng the at least one muting configuration and the
information carrying signal to the recelving node 540. The further detalls of the
configurations of these functional units are in accordance with what has been described
for the corresponding functions in relation to the processing circuitry 1020.
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Figure 11 shows a receiving nods 1100 for receiving an information carrying signal
from a transmitting node 560. The recelving node comprigses a memory 1130, radlo
clrcultry 1110 and processing circuitry 1120 and is configurable to communicate with the
transmitting node 560 in a wireless communications system 500, A plurallty of
transmission conflguratlons, also denoted transmit configurations, are avallabls for
tranemitting the information carrying signal to the receiving node 1100, The wireless
communications system 500 may in some embodiments be configured to apply
Coordinated Multipoint Transmission. The recelving node 1100 may then be configured to
expect at least some of the plurelity of transmit configurations to be provided for by CoMP
transmission. The recelving node 1100 may be configured for or capable of feeding back
CSI for CoMP transmission.

The processing clrcultry 1120 Is configured to recelve from the transmitting node
560 via the radio circuitry 1110 a dynamic configuration message that identifies, to the
receiving node 540, 1100, at least one muting configuration among a plurality of possible
muting configurations. The plurality of muting configurations may comprise muting
configurations that cover time-frequency resource elements (TFRESs) that are zero-power
CSI-RS configurable, i.e. which can be configured as zero-power CSI-RS configurations.
Additionally or alternatively the plurality of muting configurations may comprise at least
one muting conflguration that covers TFRESs of at least one CRS configuration.
Furthermore, the plurality of muting configurations may comprise at least one muting
configuration that covers all TFREs of an OFDM symbol. In some embodiments a muting
configuration that covers TFREs that are zero-power CSI-RS configurable may in addition
cover TFREs of at least one CRS configuration and/or all TFREs of an OFDM symbol.

In some embodiments the processing circultry 1120 may be configured to identify
the at ieast one muting configuration by an indicator in the dynamic configuration
message. The indicator may comprise one or more bits In a Downlink Control Information,
DCI, format. The at least one muting configuration may comprise a zero-power Channel
State [nformation Reference Signal, CSI-RS, conflguration. According to some
embodiments the at least one muting configuration may additionally or alternatively cover
TFRESs of at least one Cell Specific Reference Signal, CRS, conflguration and/or all
TFREs of an Orthogonal Frequency Division Multiplexing, OFDM, symbol.

The processing circuitry 1120 is further configured to recelve the information
carrying signal from the transmitting node $80 vla sald radio circuitry 1110, The
processing clrcultry 1120 may be conflgured to recelve the Informatlon carrying signal
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from the transmitting node 580 in a coordinated transmission via one or more
transmission points 510, 520, 530. The transmission points may in some embodiments be
controlled by the transmitting node 5§60. In other embodiments, at least one of the one or
more transmission points may be controlied by a nelghboring transmitting node. The
coordinated transmission may In some smbodiments be a CoordInated Multi-Point
transmission. The Information carrying signal may for example be a downlink data and/or
control transmission.

The processing circuitry 1120 is further configured to decode the received
Information carrying signal taking the at least one muting configuratlon into account by
assuming that no Information expected to be decoded by the recesiving node 540, 1100 is
transmitted on Time-Frequency Resource Elements, TFREs, Identliled as muted by said
at least one muting configuration. According to some embodiments the processing
circuitry 1120 may be configured to recelve the dynamic configuration message Identifying
the at least one muting configuration from the transmitting node 560 In a current subframe
in which the at least one muting configuration Is to be applisd by the receiving node 1100
for decoding of the Information carrying signal. The at least one muting configuration may
in some examples be a dynamle muting pattern of time-frequency resource elements on
which the processing circuitry 1120 may be conflgured to assume that a data and/or
control signal Is not transmitted. In such examples, the muting pattern is dynamic In that it
is a muting pattern that has been adjusted by the transmitting node 560 to match a
deslred muting pattern for one or more specific transmission points that are transmitting to
the receiving node 1100 In a glven Instance. The given instance may be a current
subframe in which the dynamic configuration message s recelved from the transmitting
node 560 and In which the muting pattern is applied for decoding of the information
carrylng signal.

In an alternative realization of the receiving node 1100, the raceiving nods 1100
may comprise several functional units which can be implemented in hardware, software,
firmware or any combination thereof. In an embodiment, the recelving nods 1100
includes: a recelving unit configured to receive the dynamic configuration message and to
recelve the information carrying signal and a decoding unit configured to decode the
received information carrying slgnal taking the at least one muting configuration into
account. The further details of the configurations of these functlonal units are In
accordance with what has been described for the corresponding functions in relation to
the processing circuitry 1120.
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The processing circuitry 1020, 1120 may comprise one or several
microprocessors, digital signal processors, and the like, as wall as other digital hardware
and a memory. The memory, which may comprise one or several types of memory such
as read-only memory (ROM), random-access memory, cache memory, flash memory
devices, optical storage devices, etc., storee program code for executing one or more
telecommunlcatlons and/or data communications protocols and for carrying out one or
more of the techniques described herein. The memory further stores program data and
user data received from the receiving node.

Not all of the steps of the techniques described hereln are necessarlly performed
in a single microprocessor or even in a single module.

It should be noted that although terminology fram 3GPP LTE has been used in thls
disclosurs to exemplify the Invention, this should not be seen as limiting the scope of the
invention to only the aforementloned system. Other wireless systems, Including Wideband
Code Dlvision Multiple Access (WCDMA), Worldwide Interoperability for Microwave
Access (WiMax), Ultra Mobile Broadband (UMB) and Global System for Moblle
Communications (GSM), may also benefit from exploiting the Ideas covered within this
disclosure.

When using the word "comprise" or "comprising” it shall be interpreted as non-
limiting, i.e. meaning "consist at least of".

The present invention Is not limited to the above-described preferred embodiments.
Various alternatives, modifications and equivalents may be used. Therefore, the above
embodiments should not be taken as limiting the scope of the invention, which Is defined
by the appended claims.
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CLAIMS

1. A method in a recelving node (540) for recsiving an informatlon carrylng
signal that Is transmitted to the receiving node (540) by a transmitting node (560) in
wireless communlcations system (500), wherein a plurality of transmission configurations
are available for transmitting sald Information carrying signal to said receiving node (540),
the method comprising:

raceiving (810) from the transmitting node (660) a dynamic conflguration message
that identifles, to sald recelving node (540), at least one muting configuration among a
plurality of possible muting configurations;

recelving (920) sald information carrying signal from the tranemitting node (580);

decoding (830) said received information carrying signal taking sald at least one
muting configuration into account by assuming that no information expected to be
decoded by the receiving node (540) is transmitted on Time-Frequency Resource
Elements, TFRES, identified as muted by said at least one muting configuration.

2. The method according to claim 1, wherein the at least one muting
conflguration Is identifled by an indicator In the dynamic configuration message.

3. The method according to claim 2, wherein the Indicator comprises one or
more bits In a Downlink Control Information, DCI, format.

4. The method according to claim 1-3, wherein the at least one muting
configuration comprises a zero-power Channe! State Information Reference Signal, CSI-
RS, configuration.

5. The method according to claim 4, whereln the at least one muting
configuration covers TFREs of at least one Cell Specific Reference Signal, CRS,
conflguration and/or all TFREs of an Orthogonal Frequency Division Multiplexing, OFDM,
symbol.

6. The method according to claim 1-5, wherein the plurality of muting

conflgurations comprises muting conflguratlons that cover TFREs that are zero-power
CSI-RS conflgurable.
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7. The method accordlng to claim 8, wherein the plurality of muting
configurations compriges at least one muting conflguration that covers TFREs of at least
one CRS configuration.

8. The method according to claim 6-7, wherein the plurality of muting
configurations comprises at least one muting configuration that covers all TFREs of an
OFDM symbol.

0. The method according to claim 1-8, wherein the at least one muting
configuration Is a muting pattern of TFRES that Is adjusted to match a desired muting
pattern for one or more specific transmission points that are transmitting to the receiving
node (540) In a given instance.

10. The method according to claim 9, wherein the given Instance Is a current
subframe in which the dynamic configuration message is received from the transmitting
node (560) and wherein the muting pattern Is applled for decoding of the information
carrying signal in the current subframe.

11. The method according to clalm 1-8, whereln the at least one muting
configuration identified in the dynamic configuration message received from the
transmitting node (560) In a current subframe Is applled for decodlng of the Information
carrying signal in the current subframe.

12. The method according to claim 1-11, wherein the information carrying
signal is received from the transmitting nade (560) In a coordinated transmission via ane
or more transmission points (510, 520, 530).

18. The method acoording to claim 12, wherein the coordinated tranemission ie
a Coordinated Multi-Point transmission.

14, The method according to claim 2 or 3-13 when dependent from claim 2,
whereln the recelving node (540) Is a User Equipment, UE, served by a serving cell and
the transmitting node (580) is an eNodeB and wherein the at lsast one muting
configuration is determined from the indicator recelved In the dynamic configuration
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message, system Information of the serving cell of the UE and/or dedicated radio
resource control messages from the eNodeB to the UE.

15. The method according to claim 1-13, wherein the recelving node (540) Is a
User Equipment, UE, served by a serving cell and the transmitting node (580) is an
eNodeB and whereln Information that specifies Resource Element mappling of a Physical
Downlink Shared Channel Includes ons or mors of: the at least one muting configuration,
information on a number of OFDM symbols occupied by a Physical Downlink Control
Channel, TFREs occupied by CRS, and configured non-zero power CSI-RS.

16. A method in a transmitting node (560) for transmitting an information
carrying signal to a receiving node (540) in a wireless communications system (500),
whereln a plurality of fransmission configurations are avallable for transmitting said
Information carrying signal to said receiving node (540), the method comprising:

determining (940) a plurality of muting configurations, each muting configuration in
said plurality of muting configurations corresponding to at Ieast one transmission
configuration in said plurality of transmission conflgurations;

selecting (850) a transmission configuration from said plurality of transmission
configurations for transmitting said information carrying signal to sald recelving node
(540);

transmitting (960) to said receiving node a dynamic conflguration message
ldentifying, to sald receiving node (540), the at least one muting configuration out of sald
plurality of muting configurations that corresponds to sald selected transmission
configuration; and

transmitting (970) said information carrying signal to sald recelving node (540) In a
transmission according to said selected transmission configuration, wherein the
transmisslon is muted in accordance with the identified at Ieast one muting configuration.

17. The method according to claim 18, wherein the at least one muting
conflguration is identified by an indicator in the dynamic conflguration message.

18. The method according to claim 17, wherein the indicator comprises one or
more bits In a Downlink Control Information, DCI, format.
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19. The method according to claim 16-18, whereln the at least one muting
configuration comprises a zero-power Channel State Information Reference Signal, CSI-
RS, configuration.

20. The method according to clalm 18, wherein the at least one muting
configuration covers TFREs of at least one Cell Specific Reference Signal, CRS,
configuration and/or all TFREs of an Orthogonal Frequency Division Multiplexing, OFDM,
symbol.

21. The method according to claim 16-20, whereln the plurality of muting
conflgurations comprises muting configurations that cover TFREs that are zero-power
CSI-RS configurable.

22, The method according to clalm 21, whereln the plurality of muting
configurations comprises at least one muting configuration that covers TFREs of at [east
one CRS configuration.

23. The method according to claim 21-22, wherein the plurality of muting
configurations comprises at least one muting configuration that covers all TFREs of an
OFDM symbol.

24, The method according to claim 18-23, wherein the at least one muting
conflguratlon Is a muting pattern of TFRESs that is adjusted to match a desired muting
pattern for one or more speclfic transmission points that are transmitting to the receiving
node (540) In a given instance.

25, The method according to claim 24, whereln the glven Instance is a current
subframe in which the dynamic conflguration message is transmitted by the transmitting
nods (560) and whereln the muting pattern is to be applied by the recelving node (540) for
decoding of the information carrying signal in the current subframe.

26. The method according to clalm 16-23, whereln the at least one muting
configuration Identified In the dynamic configuration message transmitted by the
transmitting node (580) in a current subframe Is to be applied by the receiving node (540)
for decoding of the Information carrying signal in the current subframe.
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27. The method according to claim 18-26, wherein the information carrying
signal is transmitted by the transmitting node (560) In a coordinated tranemission via one
or more transmisslon points (510, 520, 530).

28. The method according to claim 27, wherein the coordinated transmission ls

a Coordinated Multi-FPoint transmission.

29. The method according to clalm 17 or 18-28 when dependent from claim 17,
wherein the receiving node (540) is a User Equipment, UE, served by a serving cell and
the transmitting node (560) is an eNodeB and whersin the at least one muting
conflguration s determined by the Indlcator transmitted In the dynamlc configuration
message, system information of the serving cell of the UE and/or dedicated radio
resource control messages from the eNodeB to the UE.

30. The method according to claim 16-28, wherein the receiving node (540) is
a User Equipment, UE, served by a serving cell and the transmitting node (560) Is an
eNodeB and whereln information that specifies resource element mapping of a Physical
Downlink Shared Channel includes one or more of: the at least one muting configuration,
Information on a number of OFDM symbols occupied by a Physical Downlink Control
Channel, TFREs occupied by CRS, and conflgured non-zero power CSI-RS.

31. A receiving node (540, 1100) for recslving an Information carrylng signal
from a transmitting node (560), the recelving node (540, 1100) being configurable to
communicate with the transmitting node (580) in a wirelees communications system (500)
whereln a plurality of transmission configurations are available for transmitting said
information carrying signal to said recelving node (540, 1100), the recelving node (540,
1100) comprising:

radio circuitry (1110);

processing circuitry (1120) configured to receive from the transmitting node (560)
via sald radlo clrcultry (1110) a dynamic configuration messags that identifles, to sald
receiving node (540, 1100), at least one muting configuration among a plurality of
possible muting conflgurations, the processing circuitry (1120) configured to recslve sald
information carrying signal from the transmitting node (560) via said radio clrcultry (1110),
and to decods said racsived information carrying signal taking said at least one muting
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configuration into account by assuming that no informatlon expected to be decoded by the
recelving node (540, 1100) Is transmitted on Time-Frequency Resource Elements,
TFREs, identified as muted by said at least one muting configuration.

32. A transmitting node (560, 1000) for transmitting an informatlon carrylng
signal to a receiving node (640), the transmitting node (560, 1000) being configured to be
connectable to radio circuitry (1010) for communicating with the recsiving node (540) In a
wireless communications system (500), wherein a plurality of transmission configurations
are available for transmitting said information carrylng signal via sald radlo clrcuitry (1010)
to sald recelving node (540), the transmitting node (560, 1000) comprising:

processing clrcultry (1020) configured to determine a plurallty of muting
configurations, each muting configuration in said plurality of muting configurations
corresponding to at least one transmisslon conflguration In sald plurality of transmission
configurations, and to select a transmission configuration from said plurality of
transmission configurations for transmitting sald informatlon carrying signal to sald
recelving node (540), the processing circuitry (1020) further configured to transmit, to said
receiving node (540) via said radio circuitry (1010), a dynamic configuration message
identifying, to sald recelving node (540), the at least one muting configuration out of said
plurality of muting configurations that corresponds to sald seslected transmission
configuration, and to transmit, via sald radlo clrcultry (1010), the information carrying
signal to sald recelving node (540) in a transmission according to the selected
transmission configuration, wherein the transmission |s muted in accordance with the
identified at least one muting configuration.

33. The transmitting node (560, 1000) according to claim 32, wherein the radio
circuitry (1010) is comprised in the transmitting node (560, 1000).

38



