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Description
TECHNICAL FIELD

[0001] The present disclosure relates generally to methods and arrangements in a wireless communications system.
In particular it relates to interference measurements in a wireless communication system.

BACKGROUND

[0002] In a wireless communications system or cellular radio communications 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 mobile stations or user equipment units such as mobile
telephones, also known as "cellular” telephones, and laptops with wireless capability, e.g., mobile termination, and may
thus be, forexample, portable, pocket, hand-held, computer-included, or car-mounted mobile devices which communicate
voice and/or data via the radio access network. A wireless device may be any equipment being wirelessly connectable
to a RAN for wireless communication.

[0003] The radio access network covers a geographical area which is divided into point coverage areas, traditionally
denoted cells, with each point coverage area or cell 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 is a geographical area where radio coverage is provided
by a point, also referred to as a "transmission point" and/or a "reception point", which is controlled by the radio base
station or radio network node at a base station 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 transmission of certain reference signals and
system information. More specifically, multiple point coverage areas may jointly form a single logical cell 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 latter. Moreover, a point, or "transmission point" and/or a "reception point", corresponds
in the present disclosure to a set of antennas covering essentially the same geographical area in a similar manner. Thus,
a point might correspond to one of the sectors at a site, e g a base station site, but it may also correspond to a site
having one or more antennas all intending to cover a similar 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 sufficiently different directions.

[0004] The radio network node communicates over an air interface or radio 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 pico cells having different
coverage areas, or adjacent to each other, e g as so called sector cells where the cells served by the radio network
node each cover a section of the total area or range covered by the radio network node. The cells adjacent or overlaid
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.

[0005] The one or more antennas controlled by the radio network node may be located at the site of the radio network
node or at antenna 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 geographical area or arranged so that different antennas at
the antenna site have different geographical coverage. An antenna array may also be co-located at one antenna site
with antennas that have different geographical coverage as compared to the antenna array. In the subsequent discussion
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 this disclosure as a Transmission Point (TP). In this context multiple
transmission points may share the same physical antenna elements, but could use different virtualizations, e.g., different
beam directions.

[0006] The communications, i e transmission and reception of signals between the radio access network and a user
equipment, may be performed over a communication link or communication channel via one or more transmission and/or
reception points that may be controlled by the same or different radio network nodes. A signal may thus, for example,
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 received signal over the communication link may
be modelled as an effective channel comprising the radio propagation channel, antenna gains, and any possible antenna
visualizations. 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.
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[0007] Anantenna portis a "virtual" antenna, which is defined by an antenna port-specific reference signal. An antenna
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.

[0008] 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.

[0009] TheLong 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, i e 3GPP Release-10, is the support of an eight-layer spatial multiplexing mode with possibly channel
dependent precoding. The spatial multiplexing mode is aimed 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 carrying symbol vector s is multiplied by an Nt x r precoder matrix W< Which serves to distribute the
transmit energy in a subspace of the Ny-dimensional vector space, corresponding to Nt antenna ports. The precoder
matrix is typically selected from a codebook of possible precoder matrices, and is typically indicated by means of a
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.

[0010] 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 aresource block corresponds to one slotin 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.

[0011] The received Ny 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

Y. = HanTxrsn +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, W,\,TXr can be a wideband precoder,
which may be constant over frequency, or frequency selective.

[0012] The precoder matrix is often chosen to match the characteristics of the NgxNt 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.

[0013] 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 also 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).

[0014] In Release 8 and 9 of LTE the CSl feedback is given in terms of a transmission rank indicator (Rl), a precoder
matrix indicator (PMI), and channel quality indicator(s) (CQIl). The CQI/RI/PMI report can be wideband or frequency
selective depending on which reporting mode that is configured. This means that for CS| feedback LTE has adopted an
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implicit CSI 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 recom-
mended transmission configuration thus implicitly gives information about the underlying channel state.

[0015] The RI corresponds to a recommended number of streams that are to be spatially multiplexed and thus trans-
mitted in parallel over the effective channel. The PMI identifies a recommended precoder (in a codebook) for the trans-
mission, which relates to the spatial characteristics of the effective channel. The CQl represents arecommended 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 CQl, 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.

[0016] Theterme,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,
estimates may be formed based on TFREs containing cell specific RS since s, and Wy are then known and H,, is
given by the channel estimator. The interference may then be estimated as the residual noise and interference on the
TFRESs 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, sometimes read out as Cell-specific Reference Symbols, for Rel-
8 of LTE can be seen in Figure 3. It is further noted that the interference on TFREs with data that is scheduled for the
UE in question can also be estimated as soon as the data symbols, s, are detected, since at that moment they can be
regarded as known symbols. The latter interference can alternatively also be estimated based on second order statistics
of the received signal and the signal intended for the UE of interest, thus possibly avoiding needing to decode the
transmission before estimating the interference term. Alternatively the interference can be measured on TFREs where
the desired signal, i e the signal intended for the UE of interest, is muted, so the received signal corresponds to interference
only. This has the advantage that the interference measurement may be more accurate and the UE processing becomes
trivial because no decoding or desired signal subtraction need to be performed.

[0017] InLTE 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 information. 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 CSI feedback measurements: For example, which CSI-RS resource to measure on can be configured in a
UE specific manner. Moreover, antenna configurations larger than 4 antennas must resort to CSI-RS for channel meas-
urements, since the CRS is only defined for at most 4 antennas.

[0018] A detailed example showing which resource elements within a resource block pair may potentially be occupied
by UE-specific RS and CSI-RS is provided in Figure 4. In this example, the CSI-RS utilizes an orthogonal cover code
of length two to overlay two antenna ports on two consecutive 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 is 10 and 5 for 4 and 8 CSI-RS antenna ports, respectively.

[0019] A CSI-RS resource may be described as the pattern of resource elements on which a particular CSI-RS con-
figuration is transmitted. One way of determining a CSI-RS resource is by a combination of the parameters "resourceCon-
fig", "subframeConfig", and "antennaPortsCount", which may be configured by Radio Resource Control (RRC) signaling.
[0020] Based on a specified CSI-RS resource, 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.

[0021] Furthermore, 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) trans-
mission and/or reception may be used in a wireless communications system or radio access network. In particular, the
goal is to distribute the user perceived performance more evenly in the network by taking control of the interference in
the system, either by reducing the interference and/or by better prediction of the interference. To harvest the gains of
introducing coordinated transmission or CoMP feedback it is essential that a radio network node or base station, e g an
eNodeB, can accurately predict the performance of a UE or wireless device for various coordinated transmission hy-
potheses, in order to select an appropriate downlink assignment. To this end, accurate interference measurements at
a terminal are a key element for CSI reporting targeting different transmission hypotheses. However, current state of
the art solutions for interference measurements are constrained by current standards and/or limitations imposed by UE
specific muting of data channels, making accurate interference measurements difficult, in particular for CoMP systems
employing dynamic point selection and/or joint transmission, where the transmission point association to a UE varies
dynamically in time.

[0022] Moreover, it is often beneficial for a scheduler in a radio network node or base station such as an eNodeB to
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receive CSlreports that are based on a predictable and robust interference level. When a UE or wireless device measures
interference caused by other data transmissions, the measured interference level will vary with the current traffic load
and moreover will see rapid power variations due to the so called flash-light effect where dynamic precoding and/or
beamforming in interfering points cause rapid and often unpredictable interference variations. For CSI reporting, such
variations typically degrade the overall performance, since the measured interference often underestimates the inter-
ference seen at the subsequent data transmission allocation that is based on the CSI report. As a consequence, the
radio network node or base station may have to reduce the data rate in the link adaptation to avoid excessive retrans-
missions due to uncertainties in the reported CQl.

[0023] To improve the possibilities for UEs to perform accurate interference measurements in a system zero-power
(ZP) CSI-RS resources, also known as a muted CSI-RS have been introduced. The zero-power CSI-RS resources are
configured 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 cell/transmission point. For Rel-11 of LTE, a special zero-power CSI-RS that a UE is mandated to use for
measuring interference plus noise is under discussion. As the name indicates, a UE can assume that the TPs of interest
are not transmitting on the muted CSI-RS resource and the received power can therefore be used as a measure of the
interference plus noise level. For the purpose of improved interference measurements the agreement in LTE Release
11 is that the network will be able to configure a UE to measure interference on a particular Interference Measurement
Resource (IMR) that identifies a particular set of TFRESs that is to be used for a corresponding interference measurement.
[0024] However,reserving resources for specific purposes such as interference measurements reduces the resources
available for data transmission. In some system configurations such reserved resources may give rise to a significant
overhead, e g in the downlink when used to enable UEs to perform more reliable interference measurements.

[0025] Thus,thereisaneedforimprovingthe efficiency in use of radio resources forreliably determining the interference
that can be expected when receiving a signal over a communication channel from a radio access network.

SUMMARY

[0026] Itis therefore an object of at least some embodiments of the present disclosure to reduce the overhead incurred
by interference measurements in a wireless communications system.

[0027] According to a first embodiment of the present disclosure, this and other objects are achieved by a method in
a transmitting node for enabling a receiving node to perform measurements on interference. The interference is caused
by transmissions from at least one transmission point controlled by the transmitting node on receptions at the receiving
node. The transmitting node and the receiving node are comprised in a wireless communications system. The transmitting
node determines an interference measurement resource, IMR. The IMR comprises a set of Time-Frequency Resource
Elements, TFREs, upon which the transmitting node is expected to transmit interference. The transmitting node transmits
at least one interfering signal on the IMR as said interference. The at least one interfering signal comprises at least one
of a desired sighal and another signal. The desired signal is a signal that is expected to be decoded or coherently
measured upon by the receiving node or another node served by the transmitting node. The another signal is a signal
that is not expected to be decoded or coherently measured upon by any node served by the transmitting node. The
desired signal is transmitted in place of the another signal as said at least one interfering signal on one or more TFREs
of the IMR when the at least one transmission point is to transmit the desired signal to the receiving node or to the
another node served by said transmitting node. The another signal is transmitted on TFREs of said IMR where no desired
signal is transmitted and the another signal is muted on TFRE’s of said IMR where the desired signal is transmitted.
[0028] According to a second embodiment of the present disclosure, this and other objects objects are achieved by
a transmitting node for enabling a receiving node to perform measurements on interference. The transmitting node is
configured to be connectable to at least one transmission point for communicating with the receiving node in the wireless
communications system. Receptions at the receiving node may be susceptible to interference caused by transmissions
from the at least one transmission point.

[0029] The transmitting node comprises processing circuitry. The processing circuitry is configured to determine an
interference measurement resource, IMR. The IMR comprises a set of Time-Frequency Resource Elements, TFREs,
upon which the transmitting node is expected to transmit interference. The processing circuitry is further configured to
transmit, as said interference, at least one interfering signal on said IMR. The at least one interfering signal comprises
at least one of a desired signal and another signal. The desired signal is a signal that is expected to be decoded or
coherently measured upon by the receiving node or another node served by the transmitting node. The another signal
is a signal that is not expected to be decoded or coherently measured upon by any node served by said transmitting
node. The processing circuitry further configured to transmit the desired signal in place of the another signal as said at
least one interfering signal on one or more TFREs of the IMR when the at least one transmission point is to transmit the
desired signal to the receiving node or to the another node served by said transmitting node. The processing circuitry
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is further configured to transmit the another signal on TFREs of said IMR where no desired signal is transmitted and to
mute the another signal on TFRE’s of said IMR where the desired signal is transmitted.

[0030] The above object is achieved since the transmission of a desired signal that may be transmitted in place of the
another signal as the at least one interfering signal on an IMR enables the overhead, incurred by enabling more reliable
interference measurements according to different desired interference compositions through the use of IMRs, to be
reduced in that more radio resources are made available for data transmission and other signaling intended to be decoded
or coherently measured upon by receiving nodes in the wireless communication system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031]

Figure 1 is a schematic block diagram illustrating the transmission structure of the precoded spatial 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.

Figure 4 is a schematic diagram showing example layouts of reference signals.

Figure 5 is a schematic diagram illustrating a coordination cluster in a wireless network.

Figure 6 is a schematic diagram illustrating a coordination cluster in a wireless network.

Figure 7 is a schematic diagram illustrating a coordination cluster in a wireless network.

Figure 8a is a schematic diagram illustrating a scenario in a coordination cluster in a wireless network.

Figure 8b is a schematic diagram illustrating a scenario in a wireless network.

Figures 9a-9d are flow charts illustrating methods according to some embodiments.

Figure 10a is a block diagram illustrating a network node according to some embodiments.

Figure 10b is a block diagram illustrating details of a network node according to some embodiments.

Figure 11 a is a block diagram illustrating a wireless device according to some embodiments.

Figure 11b is a block diagram illustrating details of a wireless device according to some embodiments.
DETAILED DESCRIPTION
[0032] 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 embodiment and it will be understood by a person skilled in the art how those components may
be used in the other exemplary embodiments.
[0033] 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 should not be seen as limiting the scope of the invention to only
the aforementioned system. Other wireless systems, including Wideband Code Division Multiple Access (WCDMA),
Worldwide Interoperability for Microwave Access (WiMax), Ultra Mobile Broadband (UMB) and Global System for Mobile
Communications (GSM) systems, may also benefit from exploiting the ideas covered within this disclosure.
[0034] Further, terminology such as eNodeB and UE should be considered 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 receiving node, and these two devices communicate with each other over a radio channel that may be of various

types, for example a multiple-input-multiple-output, "MIMO" channel. Herein, we also focus on wireless transmissions
in the downlink, i e from the eNodeB to the UE, but the teachings of the embodiments described herein are equally
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applicable in the uplink, i e from the UE to the eNodeB. Thus, in such embodiments the receiving node may be the
eNodeB or base station and the transmitting node may be the UE.

[0035] Generally, insystems with uncoordinated scheduling of downlink transmissions, the UE may effectively measure
interference observed from other TPs, or other cells, when computing a recommendation for interference level and use
this in an upcoming data transmission. Such interference measurements are typically performed by analyzing the residual
interference on CRS resources (after the UE subtracts the impact of the CRS signal).

[0036] However, in the present disclosure, the inventors have realized that in some situations, when it is important to
obtain an accurate interference measurement on a transmission resource, such as Time-Frequency Resource Elements
(TFRES) of a radio transmission interface in a wireless communication system, such measurements may not be easily
obtainable. This may for example be the situation when traffic load is low in a system and it is desired, e g for scheduling
purposes, to determine how interference on a specific transmission resource would impact scheduling of a data trans-
mission to a receiving node such as a UE. Another situation when it may be difficult to obtain an adequate measured
interference level is when the transmission scheme of an interfering transmission point varies rapidly in an on-off way,
e g from subframe to subframe. In such situations, i e when the interference measurements will not adequately reflect
the interference situation, the CSI reporting for link adaptation and/or Coordinated Multipoint (CoMP) transmission will
become corrupted. The term CoMP is sometimes understood to imply that different transmission points have different
geographical locations. However, for the purposes of embodiments of this disclosure, the coordinated transmission
aspect 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 directions, as mentioned in the earlier discussion
about Transmission points herein.

[0037] 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 particular set of transmission points
on a corresponding IMR a UE will only measure the residual interference caused by any non-muted transmission point
in the vicinity.

[0038] To enable appropriate interference measurements by a receiving node in the above exemplified and similar
situations the inventors propose in this disclosure to have at least some transmission point, or virtualization thereof,
whose interference is desired in a particular IMR, to actively transmit an interfering signal on the time-frequency resource
elements of the particular IMR. The interfering signal may be a signal that is independent of any data transmission,
control transmission or reference signal transmission to any node, e g UE or wireless device, or a desired signal, for
example a data signal, that is to be transmitted from the transmission point and that can take the place of the interfering
signal on at least some TFREs of the particular IMR where the signal that is independent of any data transmission,
control transmission or reference signal transmission would otherwise be transmitted. The receiving node may be ex-
pected by the network to measure interference on the IMR. This expectation may be implicit, for example selecting an
IMR where the receiving node is known to measure on interference or explicit, for example by instructing the receiving
node to perform interference measurements on the IMR. The interfering signal that is independent of any data trans-
mission, control transmission or reference signal transmission is independent in that it is not expected to be decoded
or coherently measured upon by any node served by the transmitting node that controls the transmission point from
which the interfering signal is transmitted. The desired signal is desired in that it is expected to be decoded or coherently
measured upon by any nodes that may be configured to receive transmissions from the transmission point.

[0039] For the purpose of this disclosure an IMR is to be regarded in a wider context than currently adopted in 3GPP.
For example, an IMR should be regarded only as a set of time frequency resource elements that a UE is expected, or
will likely, estimate interference upon. For example, most implementations of Rel-8 to 10 LTE terminals measure inter-
ference onthe TFREs associated with the cell specificreference signal (CRS), by first canceling the known CRS sequence.
Hence, even though it is not mandated by the standard that a Rel 8-10 UE shall measure interference on the CRS
resource elements, this is the de facto standard. Hence, in the following discussion also resource elements associated
with a specific CRS configuration, i.e., a specific CRS shift and a specific number of CRS ports, are considered an IMR.
Similarly, it should be understood that an IMR may also contain other desired signals intended for decoding or reference
for a UE, in which case a UE is expected to cancel the impact of any such other desired signals, prior to performing the
interference measurement. "Desired signal" in this context means a signal intended for reception by the receiving node,
e g UE or wireless device. The interference measurement resource comprises a set of resource elements in which one
or more signals assumed to be interfering with the desired signal are received. A reference signal resource comprises
a set of resource elements in which one or more reference signals corresponding to a desired signal are received. In
particularembodiments the reference signal resource is a CSI-RS resource. However, the reference signal (RS) resource
may be any other type of RS resource which may be used to estimate a desired signal, e.g. a CRS resource.

[0040] Toillustrate the teachings of this disclosure in more detail, some suggested embodiments will now be discussed
in a coordinated transmission or CoMP scenario in a wireless communication system. However the reference to CoMP
in the following discussion of this disclosure is not to be understood as limiting for the applicability of the teachings herein.
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The teachings herein are equally applicable in any wireless communication system when there is a need to reliably
determine the interference that can be expected when receiving a signal over a communication channel from a radio
access network.

[0041] CoMP transmission and reception refers to a system where the transmission and/or reception at multiple,
geographically 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 either be distributed, by means of direct communication between the different sites, or by means of a central
coordinating node. A further coordination possibility is a "floating cluster" where each transmission point is connected
to, and coordinates, a certain set of neighbors (e.g. two neighbors). A set of points that perform coordinated transmission
and/orreception is referred to as a CoMP coordination cluster, a coordination cluster, or simply as a clusterin the following.
[0042] CoMP operation targets many differentdeployments, including coordination between sites and sectors in cellular
macro deployments, as well as different configurations of Heterogeneous deployments, where for instance a macro
node coordinates the transmission with pico nodes within the macro coverage area. In Figures 5-7 examples of wireless
communications network deployments with CoMP coordination clusters comprising three transmission points, denoted
TP1, TP2 and TP3 are shown.

[0043] There are many different CoMP transmission schemes that are considered; for example:

Dynamic Point Blanking where multiple transmission points coordinate the transmission so that neighboring trans-
mission 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 spatial domain by beamforming the
transmission power in such a way that the interference to UEs served by neighboring TPs is suppressed.
Dynamic Point Selection (DPS) 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 utilized.

Joint Transmission where the signal to a UE is simultaneously transmitted from multiple TPs on the same time/fre-
quency resource. The aim of joint transmission is to increase the received signal power and/or reduce the received
interference, if the cooperating TPs otherwise would serve some other UEs without taking the UE subject to Joint
Transmission (JT) into consideration.

[0044] 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 terminal or UE. By, for example,
configuring a unique CSI-RS resource per TP, a UE can resolve the effective 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 measure on a particular CSI-RS resource, without knowing of any association between the CSI-RS resource
and a TP.

[0045] Several different types of CoMP feedback are possible. Most alternatives are based on per CSI-RS resource
feedback, possibly with CQIl aggregation of multiple CSI-RS resources, and also possibly with some sort of co-phasing
information between CSI-RS resources. The following is a non-exhaustive list of relevant alternatives (note that a com-
bination 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 CSl report may, for example, comprise one or more of a Precoder Matrix Indicator
(PMI), Rank Indicator (RI), and/or Channel Quality Indicator (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 an-
tennas in the same way as the reference symbols used for the CSI channel measurement.

[0046] 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 feedback; that is, a separate PMI/RI/CQI is reported for each TP. Note that there could
be interdependencies between the CSI reports; for example, they could be constrained to have the same RI. Interde-
pendencies between CSI reports have many advantages, such as; reduced 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.

[0047] The considered CSI-RS resources may be 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 540 and 550. For
example, the measurement set for wireless device 540 may consist of CSI-RS resources transmitted by TP1 510 and
TP2 520, since these points may be suitable for transmission to device 540. The measurement set for wireless device
550 may instead be configured to consist of CSI-RS resources transmitted by TP2 520 and TP3 530. The wireless
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devices will report CSI information for the transmission points corresponding to their respective measurement sets,
thereby enabling the network to e.g. select the most appropriate transmission point for each device.

[0048] Aggregate feedback corresponds to a CSl report for a channel that corresponds to an aggregation of multiple
CSI-RS. For example, a joint PMI/RI/CQI can be recommended for a joint transmission over all antennas associated
with the multiple CSI-RS.

[0049] A joint search may however be too computationally demanding for the UE, and a simplified form of aggregation
is to evaluate an aggregate CQI which are combined with per CSI-RS resource PMIs, which should typically all be of
the same rank corresponding to the aggregated CQl or CQls. Such a scheme also has the advantage that the aggregated
feedback may share much information with a per CSI-RS resource feedback. This is beneficial, 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 CSI-RS resource feedback. To
support coherent joint transmission, 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 sighals coherently combine at the receiver.
[0050] For efficient CoMP or coordinated transmission operation it is equally important to capture appropriate inter-
ference assumptions when determining the CQls as it is to capture the appropriate received desired signal. Within a
coordination cluster an eNodeB may to a large extent control which TPs that interfere a particular UE or wireless device
in any particular TFRE. Hence, there will be multiple interference hypotheses depending on which TPs are transmitting
data to other terminals, such as other UEs or wireless devices.

[0051] This means that, by controlling which TPs are transmitting data to other UEs or wireless devices, the network
may control the interference seen by the particular UE or wireless device on an IMR. For example, by muting all TPs
within a coordination cluster on the IMR, the the particular UE or wireless device will effectively measure the inter CoMP
cluster interference. In the example shown in Figure 5, this would correspond to muting TP1 510, TP2 520 and TP3 530
in the TFRESs 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 coordination 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. It has therefore been proposed to allow configuration of multiple distinct IMRs,
wherein the network isresponsible for realizing different relevantintra-cluster and/or inter-cluster interference hypotheses
in the different IMRs, e.g., by muting the data transmissions accordingly on different transmission points, and that a UE
should be able to perform multiple interference measurements, corresponding to different intra-cluster interference
hypotheses, by means of configuring multiple IMRs; thus enabling CSI or CQI reporting for the different interference
hypotheses. Hence, by associating a particular reported CSI or CQl with a particular IMR the relevant CSls or CQls can
be made available to the network for effective scheduling.

[0052] The network would thus be responsible for configuring the transmissions so that the interference measured on
the different IMRs corresponds to the desired interference hypotheses; that is, for each IMR a set of transmission points
will be muted, and intra-cluster interference only from the remaining coordinated (and un-coordinated) transmission
points will be present on the IMR. In the state-of-the-art solutions, the data transmission on a specific transmission point
will thus not be muted (or similarly muted) on the IMRs where interference from the transmission point should be present
(or absent).

[0053] However, in LTE, muting is configured by means of zero power CSI-RS, which is configured UE specifically.
Thus, muting is a UE specific property, rather than a transmission point specific property. This difference does not have
any practical implications when the UE is allocated and served by a single transmission point. However, in systems
operating e.g. with dynamic point selection (DPS) and/or joint transmission (JT), where the transmission to a specific
UE involves, or changes between, multiple transmission points, there will be a mismatch between a configured muting
pattern specific to the UE, and one of the potentially different targeted muting patterns of two different involved trans-
mission points. In the state-of-the art solution, a UE, candidate for DPS/JT allocations, therefore would, typically, be
configured to be muted on the union of the muting patterns for the two TPs. However, this will lead to an underestimation
of the interference levels on the corresponding IMRs, since whenever the specific terminal is allocated the involved TPs
will be muted also on IMRs where interference from the TP should be present.

[0054] Moreover, by realizing the different intra-cluster interference hypotheses by means of having an IMR excited
by intra-cluster data transmissions the interference measurements will be impacted by the current traffic load in the
system; that is, if there in a specific instance are no data for UEs that are candidates for transmissions from a particular
TP, then there will be no data transmission that can collide with the IMR. Traditionally this is beneficial since the measured
interference level will better reflect the typical, or expected, interference. However, when a coordinated cluster of trans-
mission points are jointly (e.g., centrally) scheduled, the scheduler determines, and thus knows, the specific allocation
on the coordinated transmission points-that is, the scheduler evaluates the two hypotheses where there is interference
from a TP and when there is not. Hence, if the interference measurements including intra-cluster interference become
biased by the load within the cluster, it will be more challenging for an eNodeB to accurately evaluate the performance
of a UE for the hypothesis that there is interference present from a particular TP. This problem will be increasingly
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pronounced the lower traffic load there is within the cluster.

[0055] Similarly, if dynamic point blanking is applied, interference measurements will be affected by rapidly varying
on-off behavior of transmission points that are dynamically blanked, i.e. muted, on certain subframes. Since the UE is
unaware of potential blanking on neighboring transmission points it cannot choose to exclude interference measurements
onthesetime-frequencyresources. The corresponding CSlreport willconsequently notrepresent the desired interference
hypothesis.

[0056] Figure 5 illustrates an example wireless communications system 500 in which various embodiments of the
invention may be implemented. The three transmission points 510, 520 and 530 form a CoMP coordination cluster. In
the following, for purposes of illustration 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 560. In
an alternative scenario (not shown), the transmission points could be controlled by separate eNodeBs. It should be
appreciated that, generally 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 scenario 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 transmission points forming the
cluster are controlled by different eNodeBs, those eNodeBs would be assumed to be connected with each other e.g. by
means of a transport network, to be able to exchange information for possible coordination of transmission and reception.
[0057] Consider for example a dynamic point blanking scheme, where there are at least two relevant interference
hypotheses for a particular UE: In one interference hypothesis the UE sees no interference from the coordinated neigh-
boring transmission point; and in the other hypothesis the UE sees interference from the neighboring point. To enable
the network to effectively determine whether or not a TP should be muted, the UE can report two, or generally multiple,
CSls or CQls corresponding to the different interference hypotheses. Continuing the example of Figure 5, assume that
the wireless device 540 is configured to measure CSI from TP1 510. However, TP2 520 may potentially interfere with
a transmission from TP1 510, depending on how the network schedules the transmission. Thus, the network may
configure the device 540 for measuring the CSI-RS transmitted by TP1 for two interference hypotheses, the first one
being that TP2 is silent, and the other one that TP2 is transmitting an interfering signal.

[0058] This situation is further illustrated in the example of Figure 8a. Therein, a UE or wireless device 540 has been
configured with Interference Measurement Resources (IMRs) 815 comprising IMR1 850, IMR2 855, IMR3 860 and IMR4
862 by the network, e g in RRC signalling. Each IMR 850, 855, 860, 862 comprises at least one TFRE upon which the
UE 540 is expected to perform measurements on interference. By configuring the corresponding resources in time t and
frequency f 810 at transmission point TP1 510 and 805 at transmission point TP2 520 so that the transmission points
TP1 510 and TP2 520 in various combinations transmit or does not transmit interfering signals on the different IMRs,
the UE 540 is enabled to measure interference according to different interference hypotheses 875, 880, 885 and 887
as shown in table 870 in Figure 8a. From table 870 it can be seen that TP1 510 has been configured by the network to
transmit an interfering signal on IMR2 840 and IMR3 845, and that from TP1 510 no interfering signal is transmitted on
IMR1 835 and IMR4 847. Further, it can be seen from table 870 that TP2 520 has been configured by the network to
transmit an interfering signal on IMR1 820 and IMR3 830, and that from TP2 520 no interfering signal is transmitted on
IMR2 825 and IMR4 832. In this example, the interfering signals are signals that are not expected to be decoded or
coherently measured upon by the UE 540 or any other node served by the transmitting node that controls the transmission
point from which the interfering signal is transmitted. Further, in the example in Figure 8a, the measurements performed
on IMR1, IMR2 and IMR3 correspond to different intra-cluster interference hypotheses H1 875, H2 880 and H3 885,
whereas the measurements performed on IMR4 corresponds to inter-cluster interference hypothesis H4 887.

[0059] The interfering signal is not constrained by the configurations of specific UEs, but can be transmitted to match
any interference composition of choice. For example, if all UEs within the cluster are configured to receive data trans-
missions that are muted on the union of the present IMRs, then there will be no data (or control) transmitted on any IMR.
Thus, the interference measured on the IMRs may in the above example be unaffected by the intra-cluster data trans-
missions and the composition of the measured intra-cluster interference can be freely composed by the interfering
signal(s).

[0060] In particular, an aspect is that interference from a particular transmission point (TP) is always present on all
IMRs that the particular TP is expected to cause interference on. Otherwise the interference measurements on that IMR
will not reflect the intended interference hypothesis. However, if the PDSCH of all UEs of a serving node are muted on
all IMRs in a coordinated cluster this amounts to a significant overhead in the downlink.

[0061] The inventor has realized that in some situations it may be desired to increase the radio resources available
for transmission of desired signals, such as data transmissions intended to be decoded by receiving nodes, or other
desired signals intended to be coherently measured upon by receiving nodes, such as reference signals. Figure 8b
illustrates a scenario where the interfering signal transmitted on IMR1 821 is a desired signal that is expected to be
decoded or coherently measured upon by the receiving node 540 or another node 550 served by the transmitting node
560. The receiving node has been correspondingly configured to expect that a desired signal may be senton the TFREs
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of IMR1 851. This transmitted desired sighal may further be used by receiving nodes in the wireless communication
system, e g the receiving node 540 or the another node 550 for measuring interference according to interference
hypothesis H1 875, as shown in table 871. As is further illustrated in Figure 8b, the interfering signal transmitted on a
first part of the TFREs of IMR3 831 ,as indicated by horizontal stripes in the upper part of IMR3 831, is also a desired
signal that is expected to be decoded or coherently measured upon by the receiving node 540 or another node 550
served by the transmitting node 560. The receiving node has been correspondingly configured to expect that a desired
signal may be sent on the TFREs of IMR3 861. This transmitted desired signal may further be used by receiving nodes
in the wireless communication system, e g the receiving node 540 or the another node 550 for measuring interference
according to interference hypothesis H3 885, as shown in table 871, by measuring on a first part of IMR3, indicated as
IMRS3 upper in table 871. Interference according to interference hypothesis H3 885 may also be measured on a second
part of IMR3, indicated as IMR3 lower in table 871. On the TFREs of this part of IMR3 the interfering signal transmitted
by TP2 is another signal that is not expected to be decoded or coherently measured upon by the receiving node 540 or
any other node served by the transmitting node 560 that controls the transmission point from which the interfering signal
is transmitted. As this signal is not expected to be decoded or coherently measured upon, the receiving node 540 is
configured not to expect any desired signal to be sent on these TFREs, as indicated by lower part of IMR3 861 being
blank. Thus, IMR3 upper and IMR3 lower provides signals for measurement according to the same Interference hypoth-
esis. The difference is only that for IMR3 upper TP2 sends a desired signal and TP1 sends the another signal whereas
for IMR3 lower TP1 and TP2 both send the another signal. A receiving node, e g a UE that may switch between TP2
and TP1 needs to measure different interference hypotheses. However, a receiving node such as a UE that is only
connected to TP 2 all the time need not perform such measurements, and can then be configured to expect that a desired
signal such as a PDSCH data transmission may come on all the IMRs where TP2 is configured to transmit, i e in this
case on IMR1 851 and IMR3 861.

[0062] It should be noted that the illustrations given in figures 8a and 8b are simplified to facilitate understanding. In
practice, an IMR resource typically may comprise TFREs that are distributed over substantially the entire frequency
bandwidth, for example with 4 TFREs in each resource block along the bandwidth. A data transmission to a receiving
node is typically scheduled per resource block. When a desired signal, such as a data transmission, is transmitted on
TFREs of an IMR as indicated in the example in Figure 8b, the transmission typically overlaps the TFREs in the resource
blockwhere the data transmission occurs. In Figure 8b only the TFREs where this overlap occurs areillustrated. According
to this reasoning, IMR3 831 shows TFREs that belong two different resource blocks. Only the TFREs in the upper part
of IMR3 belong to resource blocks where transmission of a desired signal occurs in such a way that the transmission
overlaps the TFREs of the IMR3.

[0063] In short the illustrated embodiment of the invention involves dynamic alternation of a desired signal intended
to be decoded or coherently measured upon by a receiving node such as a UE and another signal not intended to be
decoded or coherently measured upon by any receiving node on an interference measurement resource (IMR) which
the network intends to expose to a particular interference composition. Examples of desired signals may be data signals
transmitted on the Physical Downlink Shared Channel (PDSCH). By letting the PDSCH from a particular TP be transmitted
also in IMRs where interference should be present from the particular TP, the overhead of the PDSCH can be decreased,
e g as compared to the case that only the above mentioned another signal is transmitted as interference signal on these
particular IMRs, and by transmitting the another signalin the particular IMRs whenever/wherever a PDSCH is not present
it is guaranteed that the correct interference composition is present on the particular IMR.

[0064] For UEs that are not candidates for transmissions involving other TPs than the serving TP it is sufficient to
configure these UEs with a semi-static configuration of a muting pattern, e.g., a zero-power CSI-RS configuration, that
covers the IMRs where the particular TP should be muted, whereas one or multiple IMRs where the TP should have
interference present are not muted. Whenever the TP has a desired signal to transmit, such as a PDSCH transmission
the data signal can take full use of all the resources also of the non-muted IMRs, and simultaneously cause the desired
interference on this set of IMRs. However, when the TP does not have a desired signal such as a data sighal (PDSCH)
to transmit on resources defined by the IMRs that should have interference present, then a separate interference signal
in form of the above mentioned another signal may be transmitted on those TFREs that are lacking the transmission of
a desired signal. Thereby the TP can guarantee that interference is always present on a selected set of IMRs, but still
utilize these IMRs for e g data transmissions when such are present.

[0065] In other words, by in this way enabling desired signals such as data transmissions to be scheduled so that they
overlap TFREs of an IMR, the overhead incurred by enabling more reliable interference measurements according to
different desired interference compositions through the use of IMRs may be substantially reduced in that more radio
resources are made available for data transmission and other signaling intended to be decoded or coherently measured
upon by receiving nodes in the wireless communication system. The embodiments of this disclosure achieve that the
correct interference composition can be guaranteed to be present in an IMR while the PDSCH overhead is decreased,
and thereby downlink throughput is increased

[0066] The above technique can also be used for UEs engaged in dynamic point selection and/or joint transmission
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if the UE can be dynamically configured with a muting pattern, e.g. a ZP CSI-RS configuration, such that the muting
pattern is always matched with the node/nodes from which the PDSCH transmission originates.

[0067] More generally, some embodiments provide a method in a transmitting node for enabling a receiving node to
perform measurements on interference. The transmitting node enables the receiving node to perform measurements
on interference by transmitting an interfering signal, as will now be described with reference to Figures 5-7 and the
flowcharts of Figures 9a-9d. As a particular example, the transmitting node may be the transmitting node, e.g. eNodeB,
560 in Figure 5 controlling TP1-TP3, which are transmission points or remote radio heads. In an alternative scenario,
such as that shown in Figure 6, the transmitting node may be a transmitting node or an eNodeB with three sector
antennas which correspond to transmission points TP1-TP3, forming a CoMP cluster 600 wherein a receiving node 540
is located. In yet another scenario, as shown in Figure 7, TP1-TP3 may form a CoMP cluster 700 wherein a receiving
node 540 is located, and the transmitting node may either be the eNodeB controlling TP1 and TP3, or the eNodeB
controlling TP2, and serving pico cell 720.

[0068] The interference is caused by transmissions from at least one transmission point 510, 520, 530 controlled by
the transmitting node 560 on receptions at the receiving node 540. The transmitting and receiving nodes 560, 540 are
comprised in a wireless communications system 500, 600, 700. The transmissions from different transmission points
510, 520, 530 may be coordinated in order to control interference and/or improve received signal quality in the wireless
communications system 500, 600, 700. In some embodiments the wireless communications system may be configured
to apply Coordinated Multipoint Transmission.

[0069] A first embodiment of the method is shown in Figure 9a, wherein:

In step 910 the transmitting node 560 determines an interference measurement resource, IMR. The IMR comprises
a set of Time-Frequency Resource Elements, TFREs, upon which the transmitting node is expected to transmit
interference. According to some embodiments, the IMR may comprise or be confined to TFREs upon which no
signal that is expected to be decoded or coherently measured upon by any node 540, 550 served by the transmitting
node 560 is pre-scribed to be transmitted. In other words according to these embodiments, a desired signal, that is
expected to be decoded or coherently measured upon by at least one of the receiving nodes 540, 550 served by
said transmitting node 560, is not pre-scribed, e g by the network or according to a standard, to be transmitted on
the TFREs of the IMR. The receiving node 540 may in some embodiments be expected to measure interference
on the IMR.

In step 930 the transmitting node 560 transmits, as said interference, at least one interfering signal on the IMR. The
transmitted at least one interfering signal thereby causes the interference that the transmitting node 560 is expected
to transmit on the IMR. The at least one interfering signal comprises at least one of a desired signal and another
signal. The desired signal is expected to be decoded or coherently measured upon by the receiving node 540 or
another node 550 served by said transmitting node 560. The desired signal may replace the another signal on one
or more TFREs of the IMR when the desired signal is present. In other words, the desired signal may be transmitted
in place of the another signal as said at least one interfering signal on one or more TFREs of the IMR when the
desired signal is present at the at least one transmission point to be transmitted to the receiving node 540 or to the
another node 550 served by said transmitting node 560. When the desired signal is not present at the at least one
transmission point, or when no desired signal is present to be transmitted at the at least one transmission point, the
another signal is transmitted by the at least one transmission point as said at least one interfering signal on the one
or more TFREs of the IMR. The another signal is not expected to be decoded or coherently measured upon by any
node 540, 550 served by the transmitting node 560. In some embodiments, the another signal is transmitted on
TFREs of said IMR where the desired signal is not transmitted. Alternatively or additionally, the another signal may
be transmitted on TFREs of said IMR where no desired signal is transmitted. The another signal is muted on TFRE’s
of said IMR where the desired signal is transmitted.

[0070] In an alternative, in step 910 the transmitting node 560 determines an interference measurement resource,
IMR. The IMR comprises set of Time-Frequency Resource Elements, TFREs, upon which the transmitting node is
expected to transmit interference. No signal that is expected to be decoded or coherently measured upon by any node
540, 550 served by the transmitting node 560 is pre-scribed to be transmitted on the TFREs. In other words, a desired
signal, that is expected to be decoded or coherently measured upon by at least one of the receiving nodes 540, 550
served by said transmitting node 560, is not pre-scribed, e g by the network or according to a standard, to be transmitted
on the TFREs of the IMR. The receiving node 540 may in some embodiments be expected to measure interference on
the IMR.

[0071] According to the alternative, in step 930 the transmitting node 560 transmits at least one interfering signal on
the IMR. The at least one interfering signal comprises at least one of a desired signal and another signal. The desired
signal is expected to be decoded or coherently measured upon by the receiving node 540 or another node 550 served
by said transmitting node 560. The another signal is not expected to be decoded or coherently measured upon by any
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node 540, 550 served by the transmitting node 560. In some embodiments, the another signal is transmitted on TFREs
of said IMR where the desired signal is not transmitted. Alternatively or additionally, the another signal may be transmitted
on TFREs of said IMR where no desired signal is transmitted. The another signal is muted on TFRE’s of said IMR where
the desired signal is transmitted.

[0072] The transmitting node 560 may in at least some embodiments be configured to select, momentarily for a
subframe to be transmitted, whether to transmit the desired signal or the another signal on the one or more TFREs of
the IMR.

[0073] The desired signal may in at least some embodiments be a signal that is expected to be decoded by the
receiving node 540 or another node 550 served by said transmitting node 560. In one example according to such
embodiments, the desired signal is a data signal transmitted on the Physical Downlink Shared Channel.

[0074] In some embodiments, the at least one transmission point 510, 520, 530 may comprise a composition of
transmission points. The transmission of at least one interfering signal in step 930 may then comprise transmitting a
respective interfering signal on the IMR from each transmission point in the composition of transmission points. The
composition of transmission points may be selected so that it enables the receiving node 540 to measure interference
applicable to at least one transmission hypothesis for which the receiving node 540 is to report Channel State Information,
CSl, to the transmitting node 560. The selection of composition of transmission points may be made by the transmitting
node 560. Alternatively in some embodiments, the selection may be made by a controlling node that coordinates trans-
missions from the at least one transmission point 510, 520, 530 with transmissions from at least one further transmission
point controlled by a further transmitting node in the wireless communication system 500, 600, 700.

[0075] Figure 9b depicts an embodiment wherein the transmitting node 560 in addition to performing steps 910 and
930 as above instructs the receiving node 540, in a step 920, to measure interference on said IMR. Alternatively or
additionally, the receiving node may be arranged to measure interference on said IMR without being explicitly instructed
to do so by the transmitting node. In one particular embodiment, the receiving node may be preconfigured to measure
interference on said IMR.

[0076] Figure 9c depicts an embodiment wherein the transmitting node 560 in addition to performing steps according
to any of the embodiments of Figures 9a or 9b determines, in a step 925, an expected spatial signature of an intended
data transmission to the receiving node 540 and, in a step 928, applies said expected spatial sighature when transmitting
said at least one interfering signal. The expected spatial signature may in some embodiments be determined based on
respective buffer status and historic CSlI reports of the receiving node 540 and at least one further receiving node 550
served by the transmitting node 560.

[0077] Figure 9d shows an embodiment where the interference measurements performed according to any of the
embodiments of Figures 9a, 9b or 9c are used for link adaptation of a communication link between the transmitting node
560 and the receiving node 540. The link adaptation is performed as follows:

[0078] In step 940 the transmitting node 560 receives a Channel State Information, CSlI, report from the receiving
node 540. The CSl report is based at least in part on interference measurements performed by the receiving node 540
on the IMR.

[0079] In step 950 the transmitting node 560 transmits a data or control signal to the receiving node 540 using a
resource allocation and/or link adaptation that is based, at least in part, on the CSl report.

[0080] The IMR may in any one of the embodiments presented above be configured to coincide with Time-Frequency
Resource Elements, TFREs, of a Cell Specific Reference Signal, CRS, configuration. In some of these embodiments,
no CRS is transmitted from the at least one transmission point 520, 530 on the TFREs of the CRS configuration. In these
embodiments, CRS may transmitted from a neighbouring transmission point 510 on the TFREs of the CRS configuration
and transmissions from the at least one transmission point 520, 530 may be coordinated with transmissions from the
neighbouring transmission point 510. In some embodiments Coordinated Multipoint Transmission may ve applied to
coordinate the transmissions.

[0081] Alternatively or additionally, the IMR may in any one of the embodiments presented above be configured to be
covered by, overlap with or coincide with Time-Frequency Resource Elements, TFREs, of a Channel State Information-
Reference Signal, CSI-RS, configuration applied for the receiving node 540. The impact of the CSI-RS may then need
to be cancelled out by the receiving node 540 when performing the interference measurement.

[0082] Alternatively or additionally, the IMR may in any one of the embodiments presented above be configured to be
covered by, overlap with or coincide with Time-Frequency Resource Elements, TFREs, of a zero power Channel State
Information-Reference Signal, CSI-RS, configuration applied for the receiving node 540.

[0083] Furthermore, in any one of the embodiments presented above, a further desired signal expected to be decoded
or coherently measured upon by any of the nodes 540, 550 served by the transmitting node 560 may be transmitted on
at least one Time-Frequency Resource Element, TFRE, that is covered by, covers, overlaps with or coincides with the
IMR, in addition to the transmitted at least one interfering signal. The impact of the further desired signal may then need
to be cancelled out by the receiving node 540 when performing the interference measurement.

[0084] Furthermore, in any one of the embodiments presented above, the transmitted at least one interfering signal
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may be an isotropic signal.

[0085] Furthermore, in any one of the embodiments presented above, the IMR determined in step 910 may be a subset
of a set of TFREs upon which said receiving node 540 is configured not to expect data transmissions from any one of
said at least one transmission point 510, 520, 530. In some of these embodiments, the set of TFREs may be a set of
zero power Channel State Information-Reference Signal, CSI-RS, configurations.

[0086] Figures 10a-b illustrate devices configured to execute the methods described above in relation to Figure 9a-d.
[0087] Figure 10aillustrates a transmitting node 560, 1000 for enabling a receiving node 540 to perform measurements
on interference. The transmitting node 560, 1000 enables the receiving node to perform measurements on interference
by transmitting an interfering signal. The transmitting node 560, 1000 is configured to be connectable to radio circuitry
1010 comprised in at least one transmission point 510, 520, 530 for communicating with the receiving node 540 in the
wireless communications system 500, 600, 700. Receptions at the receiving node 540 may be susceptible to interference
caused by transmissions from the at least one transmission point 510, 520, 530.

[0088] The transmitting node 560, 1000 comprises processing circuitry 1020. The processing circuitry 1020 is config-
ured to determine an interference measurement resource, IMR. The IMR comprises set of Time-Frequency Resource
Elements, TFRESs, upon which the transmitting node is expected to transmit interference. The receiving node 540 may
in some embodiments be expected to measure interference onthe IMR. The processing circuitry 1020 is further configured
to transmit as said interference, via the at least one transmission point 510, 520, 530, at least one interfering signal on
said IMR. The transmitted at least one interfering signal thereby causes the interference that the transmitting node 560,
1000 is expected to transmit on the IMR. The at least one interfering signal comprises at least one of a desired signal
and another signal. The desired signhal is expected to be decoded or coherently measured upon by the receiving node
540 or another node 550 served by said transmitting node 560, 1000. The transmitting node 560, 1000 may be configured
to replace the another signal by the desired signal on one or more TFRESs of the IMR when the desired signal is present.
In other words, the transmitting node 560, 1000 may be configured to transmit the desired signal in place of the another
signal as said at least one interfering signal on one or more TFREs of the IMR when the desired signal is present at the
at least one transmission point 510, 520, 530 to be transmitted to the receiving node 540 or to the another node 550
served by said transmitting node 560. When the desired signal is not present at the at least one transmission point 510,
520, 530, or when no desired signal is present to be transmitted at the at least one transmission point 510, 520, 530,
the another signal is transmitted by the at least one transmission point as said at least one interfering signal on the one
or more TFREs of the IMR. The another signal is not expected to be decoded or coherently measured upon by any node
540, 550 served by said transmitting node 560, 1000. In some embodiments, the processing circuitry 1020 is configured
to transmit the another signal on TFREs of said IMR where the desired signal is not transmitted. Alternatively or addi-
tionally, the processing circuitry 1020 may be configured to transmit the another signal on TFREs of said IMR where no
desired signal is transmitted. The processing circuitry 1020 is configured to mute the another signal on TFRE’s of said
IMR where the desired signal is transmitted.

[0089] In an alternative, no signal that is expected to be decoded or coherently measured upon by any node 540, 550
served by the transmitting node 560, 1000 is pre-scribed to be transmitted on the TFREs of the IMR. In other words, a
desired signal, that is expected to be decoded or coherently measured upon by at least one of the receiving nodes 540,
550 served by said transmitting node 560, is according to the alternative, not pre-scribed, e g by the network or according
to a standard, to be transmitted on the TFREs of the IMR.

[0090] The transmitting node 560, 1000 may in at least some embodiments be configured to select, momentarily for
asubframeto be transmitted, whether to transmit the desired signal or the another signalon one or more TFREs of the IMR.
[0091] The desired sighal may in at least some embodiments be a signal that is expected to be decoded by the
receiving node 540 or another node 550 served by said transmitting node 560. In one example according to such
embodiments, the desired signal is a data signal transmitted on the Physical Downlink Shared Channel.

[0092] The processing circuitry 1020 may in some embodiments further be configured to receive, via the at least one
transmission point 510, 520, 530, a Channel State Information, CSI, report from the receiving node 540. The CSl report
may be based at least in part on interference measurements performed by the receiving node 540 on said IMR. Further,
the processing circuitry 1020 may be configured to transmit, via the at least one transmission point 510, 520, 530, a
data or control signal to said receiving node 540 using a resource allocation and/or link adaptation that is based, at least
in part, on said CSl report.

[0093] The processing circuitry 1020 may in further embodiments further be configured to instruct, via the at least one
transmission point 510, 520, 530, the receiving node 540 to measure interference on said IMR.

[0094] Figure 10b illustrates details of a possible implementation of processing circuitry 1020.

[0095] Figure 11 a shows a receiving node 1100 that may perform measurements on interference as enabled by the
method performed in the transmitting node 1000.

[0096] Figure 11billustrates details of a possible implementation of processing circuitry 1120 of the receiving node 1100.
[0097] In some embodiments, the method performed in an eNodeB involves
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1) Determining for a first UE an Interference measurement resource for a specific Interference measurement.

2) Transmitting at least one interfering signal, over an effective chancel on time/frequency resource elements as-
sociated with said specific Interference measurement resource, wherein said interfering signal is independent of
datelcontrol signalling

3) Receiving from said first UE a CSl report (that is expected to be) based, at least in part, on Interference meas-
urements on said specific interference measurement resource

4) Transmitting a data or control signal, whose resource allocation and/or corresponding link adaptation is based,
at least in part, on said CSl report.

[0098] Here, an effective channel includes the radio propagation channel as well as receive and transmit antenna
gains. Moreover, an effective channel may involve multiple receive and/or transmit antennas, and can further Include
any virtualizatlon of the antennas (i.e., linear transformations of signals to be transmitted on multiple transmit antennas).
Hence a special case of step 2) above is to transmit the specific interfering signal from all antennas of a specific
transmission point. Potentially, also a second Interfering signal (on the same IMR) may be transmitted also from the
antennas of a second transmission point, and so on.

[0099] A special embodiment, where the IMR is interpreted as a CRS resource, Is In a heterogeneous deployment
where at least one pico node shares the same cell ID as a macro node whose coverage area at least partially overlaps
with the pico node’s coverage area. With this particular deployment, the pico nodes and the macro will share the same
CRS resource element positions (in fact also the same CRS sequence will be shared). Hence, with this configuration,
the data transmissions is always rate matched around (e.g., muted) the TFREs associated with the CRS, and thus the
UEs served by the shared cell will not measure any interference from the nodes sharing the cell 10 (presuming that they
perform the interference measurement on the CRS positions). Hence by actively transmitting an Interfering signal from
at least one of the transmission points (e.g., one of the pico nodes) on the CRS TFREs a Rel 8-10 LATE terminal will
report CSl corresponding to present Interference from said at least one transmission polrits. This is particularly interesting
if the CRS Is only transmitted from the macro node, whereas the pico nodes mute the CRS, and act purely as performance
boosters for Rel-11 and beyond terminals, using transmission modes notrelying on CRS. Hence, Release 8-10 terminals
that connect to the macro will, due to the interfering signals transmitted from the pico nodes on the CRS positions, still
measure relevant interference.

[0100] In another embodiment the Determining in step 1) comprises configuring, for example by means of radio
resource control messages, said first UE to perform said specific interference measurement on an interference meas-
urement resource selected by the eNodeB.

[0101] This will be the typical implementation for LTE Rel 11 terminals and beyond, where the IMR will be configurable.
[0102] In a further embodiment, the eNodeB configures also a second UE for data receptions that are muted on said
specific interference measurement resource.

[0103] This embodiment reflects that by configuring muting for all terminals on one, or the union of multiple, IMR(s)
then the network can take full control of the interference seen on the IMR(s) independently of the scheduling and the
data transmissions.

[0104] In one embodiment, said interfering signal Is an isotropic signal. In this context an isotropic signal refers to a
signal that excites all dimensions of an effective channel.

[0105] By transmitting an isotropic interference signal (i.e., a spatially white, uncorrelated) signal no special bias to
any spatial direction is Imposed on the interference signal, which prevents the UE from making particular interference
suppression assumptions of low rank interference in the CSl reporting (e.g., In the Interference suppression algorithms).
[0106] In another embodiment, the eNodeB, further determines an expected spatial signature of a subsequent data
transmission, and applies said expected spatial signature on said interfering signal.

[0107] Such a spatial signature could be wideband or frequency selective. If the eNodeB can predict the spatial
characteristics (e.g., typical beamforming or precoding directions) for subsequent data transmissions, it is beneficial to
impose the same characteristics on the interfering signal, since this will allow a UE to better predict the actual interference
suppression performance in the CSl reporting, and thus enable more accurate link adaptation in the eNodeB.

[0108] In one such embodiment, the eNodeB determines said expected spatial signature based on the buffer statuses
of connected UEs and historic CSl reports from said connected UEs.

[0109] In a second such embodiment, the eNodeB excludes the non-primary (e.g. the non-strongest) transmission
points participating in a joint transmission to a UE from the spatial signature.

[0110] This embodiment ensures that the transmit signal from a non-serving transmission point participating in a joint
transmission is not accounted for as interference in the subsequent CSl report from the targeted UE.

[0111] In another embodiment, said interfering signal is constructed to have the same spatial signature as a current
(or past) data and/or control transmission.

[0112] In one such embodiment, the interfering signal is muted on associated resource elements in RBs where there
is no current data assignments to be transmitted over said effective channel.
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[0113] This will effectively cause the UE to measure an interference corresponding to a data transmission, but without
the restrictions of collisions with regular data.

[0114] Such embodiments can be beneficial when the scheduling of different transmission points are only partially
coordinated; for example, when specific resource blocks (in time and/or frequency) are prioritized for transmissions from
a specific node (but may be used by other nodes when the resource need is sufficiently high). In such limited coordination
scenarios, there can typically not be a joint (central) scheduler that benefits from having on/off kind of interference
estimates. Instead, it is typically more beneficial to let the interference measurement be biased by the current load in
the system. For example, one IMR could be configured to capture the interference from data corresponding to prioritized
resource blocks, and another IMR could be configured to capture the interference corresponding to the data interference
on non-prioritized RB.

[0115] In another embodiment, said interfering signal is constructed to have the spatial signature that is a linear
combination of the spatial signatures of current and past data and/or control transmission.

[0116] In one such embodiment, the interfering signal is muted on associated resource elements in RBs where there
is no current data assignments to be transmitted over said effective channel.

[0117] The invention provides a solution to freely construct the interference composition on an IMR without any limi-
tations imposed by UE specific muting configurations. Moreover, the interference measurements can 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.

[0118] This will translate to improved link adaptation and spectral efficiency in the wireless system.

[0119] When using the word "comprise" or "comprising” it shall be interpreted as non-limiting, i.e. meaning "consist at
least of".

[0120] The presentinvention is not limited to the above described preferred embodiments. Various alternatives, mod-
ifications and equivalents may be used.

Claims

1. A method in a transmitting node (560) for enabling a receiving node (540) to perform measurements on interference
caused by transmissions from at least one transmission point (510, 520, 530) controlled by the transmitting node
(560) on receptions at the receiving node (540), the transmitting and receiving nodes (560, 540) being comprised
in a wireless communications system (500, 600, 700), the method comprising:

determining (910) an interference measurement resource, IMR, comprising a set of Time-Frequency Resource
Elements, TFREs, upon which the transmitting node is expected to transmit interference; and

transmitting (930) at least one interfering signal on said IMR as said interference, wherein the at least one
interfering signal comprises a desired signal, that is expected to be decoded or coherently measured upon by
the receiving node (540) or another node (550) served by said transmitting node (560),

the method CHARACTERIZED IN that the at least one interfering signal further comprises another signal, that
is not expected to be decoded or coherently measured upon by any node (540, 550) served by said transmitting
node (560), wherein the desired signal is transmitted in place of the another signal as said at least one interfering
signal on one or more TFREs of the IMR when the at least one transmission point is to transmit the desired
signal to the receiving node (540) or to the another node (550) served by said transmitting node (560) and
wherein the another signal is transmitted on TFREs of said IMR where no desired signal is transmitted and
wherein the another signal is muted on TFRE’s of said IMR where the desired signal is transmitted.

2. The method of the preceding claim, further comprising selecting, for a subframe to be transmitted, whether to transmit
the desired signal or the another signal on the one or more TFREs of the IMR.

3. The method of any of the preceding claims, wherein desired signal is expected to be decoded by the receiving node
(540) or another node (550) served by said transmitting node (560).

4. The method of any of the preceding claims, wherein the desired signal is a data signal transmitted on the Physical
Downlink Shared Channel.

5. The method of any of the preceding claims, wherein transmissions from different transmission points (510, 520,

530) are coordinated in order to control interference and/or improve received signal quality in the wireless commu-
nications system (500, 600, 700).
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The method of any of the preceding claims, wherein the interference measurements are used for link adaptation of
a communication link between the transmitting node (560) and the receiving node (540), the method comprising the
further steps of:

receiving (940) a Channel State Information, CSlI, report from the receiving node (540), wherein the CSl report
is based at least in part on interference measurements performed by the receiving node (540) on said IMR;
transmitting (950) a data or control signal to said receiving node (540) using a resource allocation and/or link
adaptation that is based, at least in part, on said CSl report.

The method of any of the preceding claims, comprising the further step of: instructing (920) the receiving node (540)
to measure interference on said IMR.

The method of any of the preceding claims, wherein the at least one transmission point (510, 520, 530) comprises
a composition of transmission points and wherein transmitting the at least one interfering signal comprises trans-
mitting a respective interfering signal on said IMR from each transmission point in said composition of transmission
points.

The method of the preceding claim, wherein said composition of transmission points is selected so that it enables
the receiving node (540) to measure interference applicable to at least one transmission hypothesis for which the
receiving node (540) is to report Channel State Information, CSlI, to the transmitting node (560).

The method of any of the claims 8-9, wherein said composition of transmission points is selected by the transmitting
node (560).

The method of any of the claims 8-9, wherein said composition of transmission points is selected by a controlling
node that coordinates transmissions from the at least one transmission point (510, 520, 530) with transmissions
from at least one further transmission point controlled by a further transmitting node in said wireless communication
system (500, 600, 700).

The method of any of the preceding claims, wherein the IMR coincides with Time-Frequency Resource Elements,
TFREsS, of a Cell Specific Reference Signal, CRS, configuration.

The method of the preceding claim, wherein no CRS is transmitted from the at least one transmission point (510,
520, 530) on the TFREs of the CRS configuration.

The method of the preceding claim, wherein CRS is transmitted from a neighbouring transmission point on the
TFRESs of the CRS configuration and wherein transmissions from the at least one transmission point (510, 520, 530)
are coordinated with transmissions from the neighbouring transmission point.

The method of any of the claims 1-11, wherein the IMR is covered by Time-Frequency Resource Elements, TFREs,
of a Channel State Information-Reference Signal, CSI-RS, configuration applied for the receiving node (540), and
wherein the impact of the CSI-RS is to be cancelled out by the receiving node (540) when performing the interference
measurement.

The method of any of the claims 1-11, wherein the IMR is covered by Time-Frequency Resource Elements, TFREs,
of a zero power Channel State Information-Reference Signal, CSI-RS, configuration applied for the receiving node
(540).

The method of any of the claims 1-11, wherein a further desired signal expected to be decoded or coherently
measured upon by any of the nodes (540, 550) served by said transmitting node (560) is transmitted on at least
one Time-Frequency Resource Element, TFRE, that coincides with the IMR, in addition to the transmitted at least
one interfering signal, and wherein the impact of the further desired signal is to be cancelled out by the receiving
node (540) when performing the interference measurement.

The method of any of the preceding claims, wherein the transmitted at least one interfering signal is an isotropic signal.

The method of any of the claims 1-17, further comprising the step of:
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determining (925) an expected spatial signature of an intended data transmission to the receiving node (540);
applying (928) said expected spatial signature when transmitting said at least one interfering signal.

The method of the preceding claim, wherein said expected spatial signature is determined based on respective
buffer status and historic CSlreports of the receiving node (540) and at least one further receiving node (550) served
by the transmitting node (560).

The method of any of the preceding claims, wherein said determined IMR is a subset of a set of TFREs upon which
saidreceiving node (540) is configured notto expect data transmissions from any one of said at leastone transmission
point (510, 520, 530).

The method of the preceding claim, wherein said set of TFREs is a set of zero power Channel State Information-
Reference Signal, CSI-RS, configurations.

The method of any of the preceding claims, wherein said determined IMR applies for any receiving node (540, 550)
served by the transmitting node (560).

A transmitting node (560, 1000) for enabling a receiving node (540) to perform measurements on interference, the
transmitting node (560, 1000) being configured to be connectable to at least one transmission point (510, 520, 530)
in a wireless communications system (500, 600, 700), wherein receptions at the receiving node are susceptible to
interference caused by transmissions from the at least one transmission point (510, 520, 530), the transmitting node
(560, 1000) comprising:

processing circuitry (1020) configured to determine an interference measurement resource, IMR, comprising a
set of Time-Frequency Resource Elements, TFREs, upon which the transmitting node is expected to transmit
interference, the processing circuitry (1020) further configured to transmit as said interference, via the at least
one transmission point (510, 520, 530), at least one interfering signal on said IMR, wherein the at least one
interfering signal comprises a desired signal, that is expected to be decoded or coherently measured upon by
the receiving node (540) or another node (550) served by said transmitting node (560),

the transmitting node (560, 1000) CHARACTERIZED IN that the at least one interfering signal further comprises
another signal, that is not expected to be decoded or coherently measured upon by any node (540, 550) served
by said transmitting node (560, 1000), the processing circuitry (1020) further configured to transmit the desired
signal in place of the another signal as said at least one interfering signal on one or more TFREs of the IMR
when the at least one transmission point (510, 520, 530) is to transmit the desired signal to the receiving node
(540) or to the another node (550) served by said transmitting node (560), the processing circuitry (1020) further
configured to transmit the another signal on TFREs of said IMR where no desired signal is transmitted and to
mute the another signal on TFRE’s of said IMR where the desired signal is transmitted.

The transmitting node (560, 1000) of claim 24, wherein the transmitting node (560, 1000) is configured to use the
interference measurements for link adaptation of a communication link between the transmitting node (560, 1000)
and the receiving node (540), the processing circuitry (1020) further configured to:

receive, via the at least one transmission point (510, 520, 530), a Channel State Information, CSlI, report from
thereceiving node (540), whereinthe CSlreportis based atleastin parton interference measurements performed
by the receiving node (540) on said IMR; and

transmit, via the at least one transmission point (510, 520, 530), a data or control signal to said receiving node
(540) using a resource allocation and/or link adaptation that is based, at least in part, on said CSl report.

The transmitting node (560, 1000) of any of the claims 24-25, wherein the processing circuitry (1020) is further
configured to:

instruct, via the at least one transmission point (510, 520, 530), the receiving node (540) to measure interference
on said IMR.

The transmitting node (560, 1000) of any of the claims 24-26, wherein the at least one transmission point (560,
1000) comprises a composition of transmission points and wherein the processing circuitry (1020) is configured to
transmit the at least one interfering signal by transmitting a respective interfering signal on said IMR via each
transmission point in said composition of transmission points.
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28. The transmitting node (560, 1000) of any of the claims 24-27, wherein the processing circuitry (1020) is configured

to determine said IMR as a subset of a set of TFREs upon which said receiving node (540) is configured not to
expect data transmissions from any one of said at least one transmission point (510, 520, 530).

29. The transmitting node (560, 1000) of the preceding claim, wherein said set of TFREs is a set of zero power Channel

State Information-Reference Signal, CSI-RS, configurations.

Patentanspriiche

1.

Verfahren in einem Sendeknoten (560), um es einem Empfangsknoten (540) zu ermoglichen, Messungen von
Interferenzen, die durch Ubertragungen von mindestens einem Sendepunkt (510, 520, 530), der durch den Sende-
knoten (560) gesteuert wird, verursacht werden, an Empfangssignalen im Empfangsknoten (540) auszufiihren,
wobei der Sende- und der Empfangsknoten (560, 540) in einem Drahtloskommunikationssystem (500, 600, 700)
enthalten sind, wobei das Verfahren Folgendes umfasst:

Bestimmen (910) einer Interferenzmessungsressource (Interference Measurement Resource, IMR), die einen
Satz Zeit-Frequenz-Ressourcenelemente (Time-Frequency Resource Elements, TFREs) umfasst, auf denen
der Sendeknoten voraussichtlich Interferenzen senden wird; und

Senden (930) mindestens eines interferierenden Signals auf der IMR als die Interferenzen, wobei das mindes-
tens eine interferierende Signal ein gewlinschtes Signalumfasst, das voraussichtlich durch den Empfangsknoten
(540) oder einen anderen Knoten (550), der durch den Sendeknoten (560) bedient wird, decodiert oder koharent
gemessen wird,

wobei das Verfahren dadurch gekennzeichnet ist, dass das mindestens eine interferierende Signal des Wei-
teren ein weiteres Signal umfasst, das voraussichtlich durch keinen der Knoten (540, 550), die durch den
Sendeknoten (560) bedient werden, decodiert oder koharent gemessen wird, wobei das gewiinschte Signal
anstelle des weiteren Signals als das mindestens eine interferierende Signal auf einem oder mehreren TFREs
der IMR gesendet wird, wenn der mindestens eine Sendepunkt das gewiinschte Signal an den Empfangsknoten
(540) oder an den anderen Knoten (550), der durch den Sendeknoten (560) bedient wird, senden soll, und
wobei das weitere Signal auf TFREs der IMR gesendet wird, wo kein gewlinschtes Signal gesendet wird, und
wobei das weitere Signal auf TFREs der IMR, wo das gew{inschte Signal gesendet wird, stummgeschaltet wird.

Verfahren nach dem vorangehenden Anspruch, das des Weiteren Folgendes umfasst: Auswahlen, flr einen zu
sendenden Teilframe, ob das gewiinschte Signal oder das weitere Signal auf dem einen oder den mehreren TFREs
der IMR gesendet werden soll.

Verfahren nach einem der vorangehenden Anspriiche, wobei das gewlinschte Signal voraussichtlich durch den
Empfangsknoten (540) oder einen anderen Knoten (550), der durch den Sendeknoten (560) bedient wird, decodiert
wird.

Verfahren nach einem der vorangehenden Anspriiche, wobei das gewiinschte Signal ein Datensignal ist, das auf
dem Physical Downlink Shared Channel gesendet wird.

Verfahren nach einem der vorangehenden Anspriiche, wobei Ubertragungen von verschiedenen Sendepunkten
(510, 520, 530) koordiniert werden, um Interferenzen zu kontrollieren und/oder die Empfangssignalqualitéat in dem
Drahtloskommunikationssystem (500, 600, 700) zu verbessern.

Verfahren nach einem der vorangehenden Anspriiche, wobei die Interferenzmessungen zur Linkadaptation eines
Kommunikationslinks zwischen dem Sendeknoten (560) und dem Empfangsknoten (540) verwendet werden, wobei
das Verfahren des Weiteren folgende Schritte umfasst:

Empfangen (940) eines Kanalzustandsinformations (Channel State Information, CSl)-Berichts von dem Emp-
fangsknoten (540), wobei der CSI-Bericht mindestens zum Teil auf Interferenzmessungen basiert, die durch
den Empfangsknoten (540) auf der IMR ausgefiihrt werden;

Senden (950) eines Daten- oder Steuersignals an den Empfangsknoten (540) unter Verwendung einer Res-
sourcenzuweisung und/oder Linkadaptation, die mindestens zum Teil auf dem CSI-Bericht basiert.

Verfahren nach einem der vorangehenden Anspriiche, das folgenden weiteren Schritt umfasst:
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Anweisen (920) des Empfangsknotens (540), Interferenzen auf der IMR zu messen.

Verfahren nach einem der vorangehenden Anspriiche, wobei der mindestens eine Sendepunkt (510, 520, 530) eine
Zusammensetzung von Sendepunkten umfasst, und wobei das Senden des mindestens einen interferierenden
Signals das Senden eines jeweiligen interferierenden Signals auf der IMR von jedem Sendepunkt in der Zusam-
mensetzung von Sendepunkten umfasst.

Verfahren nach dem vorangehenden Anspruch, wobei die Zusammensetzung von Sendepunkten so gewahit wird,
dass der Empfangsknoten (540) in die Lage versetzt wird, Interferenzen zu messen, die auf mindestens eine Sen-
dehypothese zutreffen, fir die der Empfangsknoten (540) Kanalzustandsinformations (Channel State Information,
CSI) an den Sendeknoten (560) berichten soll.

Verfahren nach einem der Anspriiche 8-9, wobei die Zusammensetzung von Sendepunkten durch den Sendeknoten
(560) gewahlt wird.

Verfahren nach einem der Anspriiche 8-9, wobei die Zusammensetzung von Sendepunkten durch einen Steue-
rungsknoten gewahlt wird, der Ubertragungen von dem mindestens einen Sendepunkt (510, 520, 530) mit Uber-
tragungen von mindestens einem weiteren Sendepunkt, der durch einen weiteren Sendeknoten in dem Drahtlos-
kommunikationssystem (500, 600, 700) gesteuert wird, koordiniert.

Verfahren nach einem der vorangehenden Anspriiche, wobei die IMR mit Zeit-Frequenz-Ressourcenelementen
(Time-Frequency Resource Elements, TFREs) einer Zellenspezifischen-Referenzsignal (Cell Specific Reference
Signal, CRS)-Konfiguration Ubereinstimmt.

Verfahren nach dem vorangehenden Anspruch, wobei kein CRS von dem mindestens einen Sendepunkt (510, 520,
530) auf den TFREs der CRS-Konfiguration gesendet wird.

Verfahren nach dem vorangehenden Anspruch, wobei ein CRS von einem benachbarten Sendepunkt inden TFREs
der CRS-Konfiguration gesendet wird, und wobei Ubertragungen von dem mindestens einen Sendepunkt (510, 520,
530) mit Ubertragungen von dem benachbarten Sendepunkt koordiniert werden.

Verfahren nach einem der Anspriiche 1-11, wobei die IMR durch Zeit-Frequenz-Ressourcenelemente (Time-Fre-
quency Resource Elements, TFREs) in einer Kanalzustandsinformations-Referenzsignal (Channel State Informa-
tion-Reference Signal, CSI-RS)-Konfiguration, die flir den Empfangsknoten (540) angewendet wird, versorgt wird,
und wobei die Auswirkung des CSI-RS durch den Empfangsknoten (540) beim Ausflihren der Interferenzmessung
neutralisiert werden soll.

Verfahren nach einem der Anspriiche 1-11, wobei die IMR durch Zeit-Frequenz-Ressourcenelemente (Time-Fre-
quency Resource Elements, TFREs) einer Nullleistungs-Kanalzustandsinformations-Referenzsignal (Channel State
Information-Reference Signal, CSI-RS)-Konfiguration, die fir den Empfangsknoten (540) angewendet wird, versorgt
wird.

Verfahren nach einem der Anspriiche 1-11, wobei ein weiteres gewlinschtes Signal, das voraussichtlich durch einen
der Knoten (540, 550), die durch den Sendeknoten (560) bedient werden, decodiert oder koharent gemessen wird,
auf mindestens einem Zeit-Frequenz-Ressourcenelement (Time-Frequency Resource Element, TFRE), das mit der
IMR Ubereinstimmt, zusatzlich zu dem gesendeten mindestens einen interferierenden Signal gesendet wird, und
wobei die Auswirkung des weiteren gewiinschten Signals durch den Empfangsknoten (540) beim Ausfiihren der
Interferenzmessung neutralisiert werden soll.

Verfahren nach einem der vorangehenden Anspriiche, wobeidas gesendete mindestens eine interferierende Signal
ein isotropes Signal ist.

Verfahren nach einem der Anspriiche 1-17, das des Weiteren folgenden Schritt umfasst:
Bestimmen (925) einer erwarteten raumlichen Signatur einer beabsichtigten Datenlibertragung an den Emp-
fangsknoten (540);

Anwenden (928) der erwarteten raumlichen Signatur beim Senden des mindestens einen interferierenden Si-
gnals.
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Verfahren nach dem vorangehenden Anspruch, wobei die erwartete raumliche Signatur auf der Basis jeweiliger
Pufferstatus- und historischer CSI-Berichte des Empfangsknotens (540) und mindestens eines weiteren Empfangs-
knotens (550), der durch den Sendeknoten (560) bedient wird, bestimmt wird.

Verfahren nach einem der vorangehenden Anspriiche, wobei die bestimmte IMR eine Teilmenge eines Satzes
TFREs ist, bezlglich derer der Empfangsknoten (540) dafiir konfiguriert ist, keine Datenlibertragungen von einem
der mindestens einen Sendepunkte (510, 520, 530) zu erwarten.

Verfahren nach dem vorangehenden Anspruch, wobei der Satz TFREs ein Satz Nullleistungs-Kanalzustandsinfor-
mations-Referenzsignal (Channel State Information-Reference Signal, CSI-RS)-Konfigurationen ist.

Verfahren nach einem der vorangehenden Anspriiche, wobei die bestimmte IMR flr jeden Empfangsknoten (540,
550) Anwendung findet, der durch den Sendeknoten (560) bedient wird.

Sendeknoten (560, 1000), der es einem Empfangsknoten (540) ermdglicht, Messungen von Interferenzen auszu-
fuhren, wobei der Sendeknoten (560, 1000) daflr konfiguriert ist, mit mindestens einem Sendepunkt (510, 520,
530) in einem Drahtloskommunikationssystem (500, 600, 700) verbunden werden zu kénnen, wobei Empfangssi-
gnale im Empfangsknoten fiir Interferenzen anfallig sind, die durch Ubertragungen von dem mindestens einen
Sendepunkt (510, 520, 530) verursacht werden, wobei der Sendeknoten (560, 1000) Folgendes umfasst:

eine Verarbeitungsschaltanordnung (1020), die daflr konfiguriert ist, eine Interferenzmessungsressource (In-
terference Measurement Resource, IMR) zu bestimmen, die einen Satz Zeit-Frequenz-Ressourcenelemente
(Time-Frequency Resource Elements, TFREs) umfasst, auf denen der Sendeknoten voraussichtlich Interfe-
renzen senden wird, wobei die Verarbeitungsschaltanordnung (1020) des Weiteren dafiir konfiguriert ist, Uiber
den mindestens einen Sendepunkt (510, 520, 530) mindestens ein interferierendes Signal auf der IMR als die
Interferenzen zu senden, wobei das mindestens eine interferierende Signal ein gewlinschtes Signal umfasst,
das voraussichtlich durch den Empfangsknoten (540) oder einen anderen Knoten (550), der durch den Sende-
knoten (560) bedient wird, decodiert oder koharent gemessen wird,

wobei der Sendeknoten (560, 1000) dadurch gekennzeichnet ist, dass das mindestens eine interferierende
Signal des Weiteren ein weiteres Signal umfasst, das voraussichtlich durch keinen der Knoten (540, 550), die
durch den Sendeknoten (560, 1000) bedient werden, decodiert oder koharent gemessen wird, wobei die Ver-
arbeitungsschaltanordnung (1020) des Weiteren dafiir konfiguriert ist, das gewlinschte Signal anstelle des
weiteren Signals als das mindestens eine interferierende Signal auf einem oder mehreren TFREs der IMR zu
senden, wennder mindestens eine Sendepunkt (510, 520, 530) das gewiinschte Signal an den Empfangsknoten
(540) oder an den anderen Knoten (550), der durch den Sendeknoten (560) bedient wird, senden soll, wobei
die Verarbeitungsschaltanordnung (1020) des Weiteren daflir konfiguriert ist, das weitere Signal auf TFREs
der IMR, wo kein gewiinschtes Signal gesendet wird, zu senden und das weitere Signal auf TFREs der IMR,
wo das gewiinschte Signal gesendet wird, stummzuschalten.

Sendeknoten (560, 1000) nach Anspruch 24, wobei der Sendeknoten (560, 1000) daflr konfiguriert ist, die Interfe-
renzmessungen fir die Linkadaptation eines Kommunikationslinks zwischen dem Sendeknoten (560, 1000) und
dem Empfangsknoten (540) zu verwenden, wobei die Verarbeitungsschaltanordnung (1020) des Weiteren fur Fol-
gendes konfiguriert ist:

Empfangen, Gber den mindestens einen Sendepunkt (510, 520, 530), eines Kanalzustandsinformations (Chan-
nel State Information, CSl)-Berichts von dem Empfangsknoten (540), wobei der CSI-Bericht mindestens zum
Teil auf Interferenzmessungen basiert, die durchden Empfangsknoten (540) aufder IMR ausgefiihrt werden; und
Senden, Uber den mindestens einen Sendepunkt (510, 520, 530), eines Daten- oder Steuersignals an den
Empfangsknoten (540) unter Verwendung einer Ressourcenzuweisung und/oder Linkadaptation, die mindes-
tens zum Teil auf dem CSI-Bericht basiert.

Sendeknoten (560, 1000) nach einem der Anspriiche 24-25, wobei die Verarbeitungsschaltanordnung (1020) des
Weiteren fur Folgendes konfiguriert ist:

Anweisen des Empfangsknoten (540) lUber den mindestens einen Sendepunkt (510, 520, 530), Interferenzen
auf der IMR zu messen.

Sendeknoten (560, 1000) nach einem der Anspriche 24-26, wobei der mindestens eine Sendepunkt (560, 1000)
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eine Zusammensetzung von Sendepunkten umfasst, und wobei die Verarbeitungsschaltanordnung (1020) dafir
konfiguriert ist, das mindestens eine interferierende Signal durch Senden eines jeweiligen interferierenden Signals
auf der IMR Uber jeden Sendepunkt in der Zusammensetzung von Sendepunkten zu senden.

Sendeknoten (560, 1000) nach einem der Anspriiche 24-27, wobei die Verarbeitungsschaltanordnung (1020) dafiir
konfiguriert ist, die IMR als eine Teilmenge eines Satzes TFREs zu bestimmen, bezlglich derer der Empfangsknoten
(540) dafir konfiguriert ist, keine Datenilibertragungen von einem der mindestens einen Sendepunkte (510, 520,
530) zu erwarten.

Sendeknoten (560, 1000) des vorausgehenden Anspruchs, wobei der Satz TFREs ein Satz Nullleistungs-Kanalzu-
standsinformations-Referenzsignal (Channel State Information-Reference Signal, CSI-RS)-Konfigurationen ist.

Revendications

Procédé, dans un noeud d’émission (560), pour permettre a un noeud de réception (540) d’effectuer des mesures
sur une interférence provoquée par des émissions d’au moins un point d’émission (510, 520, 530) commandé par
le noeud d’émission (560) sur des réceptions au noeud de réception (540), les noeuds d’émission et de réception
(560, 540) étant compris dans un systéme de communication sans fil (500, 600, 700), le procédé comprenant :

la détermination (910) d’une ressource de mesure d’interférence, IMR, comprenant un ensemble d’éléments
deressources de temps-fréquence, TFRE, surlequel le noeud d’émission est censé émettre une interférence ; et
'émission (930) d’au moins un signal d’interférence sur ladite IMR en tant que ladite interférence, dans lequel
'au moins un signal d’interférence comprend un signal souhaité, qui est censé étre décodé ou mesuré de
maniére cohérente par le noeud de réception (540) ou un autre noeud (550) desservi par ledit noeud d’émission
(560),

le procédé étant caractérisé en ce que 'au moins un signal d’interférence comprend en outre un autre signal,
qui n’est pas censé étre décodé ou mesuré de maniére cohérente par un noeud (540, 550) desservi par ledit
noeud d’émission (560), dans lequel le signal souhaité est émis a la place de l'autre signal en tant que ledit au
moins un signal d’interférence sur un ou plusieurs TFRE de 'lMR lorsque I'au moins un point d’émission doit
émettre le signal souhaité au noeud de réception (540) ou a l'autre noeud (550) desservi par ledit noeud
d’émission (560) et dans lequel 'autre sighal est émis sur des TFRE de ladite IMR lorsqu’aucun signal souhaité
n’est émis et dans lequel 'autre signal est coupé sur les TFRE de ladite IMR lorsque le signal souhaité est émis.

Procédé selon la revendication précédente, comprenant en outre la sélection, pour une sous-trame a émettre, s’il
faut émettre le signal souhaité ou 'autre signal sur 'un ou plusieurs TFRE de I'I[MR.

Procédé selon I'une quelconque des revendications précédentes, dans lequel le signal souhaité est censé étre
décodé par le noeud de réception (540) ou un autre noeud (550) desservi par ledit noeud d’émission (560).

Procédé selon I'une quelconque des revendications précédentes, dans lequel le signal souhaité est un signal de
données émis sur le canal partagé de liaison descendante physique.

Procédé selon I'une quelconque des revendications précédentes, dans lequel des émissions de différents points
d’émission (510, 520, 530) sont coordonnées afin de réguler l'interférence et/ou d’améliorer la qualité du signal regu
dans le systéme de communication sans fil (500, 600, 700).

Procédé selon 'une quelconque des revendications précédentes, dans lequel les mesures d’interférence sont uti-
lisées pour effectuer une adaptation de liaison d’une liaison de communication entre le noeud d’émission (560) et
le noeud de réception (540), le procédé comprenant en outre les étapes de :

la réception (940) d’un rapport d’informations d’état de canal, CSl, en provenance du noeud de réception (540),
dans lequel le rapport de CSI est basé au moins en partie sur des mesures d’interférence effectuées par le
noeud de réception (540) sur ladite IMR ;

I'émission (950) d’un signal de données ou de commande au dit noeud de réception (540) en utilisant une
allocation de ressources et/ou une adaptation de liaison qui sont basées au moins en partie sur ledit rapport
de CSI.
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Procédé selon 'une quelconque des revendications précédentes, comprenant en outre I'étape de :
Pinstruction (920) au noeud de réception (540) de mesurer une interférence sur ladite IMR.

Procédé selon 'une quelconque des revendications précédentes, dans lequel 'au moins un point d’émission (510,
520, 530) comprend une composition de points d’émission et dans lequel ’émission de I'au moins un signal d’in-
terférence comprend I'émission d’un signal d’interférence respectif sur ladite IMR & partir de chaque point d’émission
dans ladite composition de points d’émission.

Procédé selon la revendication précédente, dans lequel ladite composition de points d’émission est sélectionnée
de manieére a permettre au noeud de réception (540) de mesurer une interférence applicable a 'au moins une
hypothése d’émission dans laquelle le noeud de réception (540) doit rapporter des informations d’état de canal,
CSl, au noeud d’émission (560) .

Procédé selon 'une quelconque des revendications 8 et 9, dans lequel ladite composition de points d’émission est
sélectionnée par le noeud d’émission (560).

Procédé selon 'une quelconque des revendications 8 et 9, dans lequel ladite composition de points d’émission est
sélectionnée par un noeud de commande qui coordonne des émissions de I'au moins un point d’émission (510,
520, 530) avec des émissions de 'au moins un autre point d’émission commandé par un autre noeud d’&€mission
dans ledit systéme de communication sans fil (500, 600, 700).

Procédé selon 'une quelconque des revendications précédentes, dans lequel 'IMR coincide avec des éléments
de ressources de temps-fréquence, TFRE, d’une configuration de signal de référence spécifique a la cellule, CRS.

Procédé selon la revendication précédente, dans lequel aucun CRS n’est émis de I'au moins un point d’émission
(510, 520, 530) sur les TFRE de la configuration de CRS.

Procédé selon la revendication précédente, dans lequel le CRS est émis depuis un point d’émission voisin sur les
TFRE de la configuration de CRS et dans lequel les émissions de I'au moins un point d’émission (510, 520, 530)
sont coordonnées avec des émissions du point d’émission voisin.

Procédé selon I'une quelconque des revendications 1 a 11, dans lequel I'IMR est couverte par des éléments de
ressources de temps-fréquence, TFRE, d’une configuration de signal de référence d’informations d’état de canal,
CSI-RS, appliquée au noeud de réception (540), et dans lequel I'impact de la CSI-RS doit étre annulé par le noeud
de réception (540) lors de I'exécution de la mesure d’interférence.

Procédé selon I'une quelconque des revendications 1 a 11, dans lequel '[MR est couverte par des éléments de
ressources de temps-fréquence, TFRE, d’'une configuration de signal de référence d’informations d’état de canal,
CSI-RS, de puissance nulle appliquée au noeud de réception (540).

Procédé selon I'une quelconque des revendications 1 a 11, dans lequel un autre signal souhaité censé étre décodé
ou mesuré de maniere cohérente par 'un quelconque des noeuds (540, 550) desservis par ledit noeud d’é€mission
(560) est émis sur au moins un élément de ressources de temps-fréquence, TFRE, qui coincide avec 'IMR, en plus
de I'au moins un signal d’interférence émis, et dans lequel 'impact de l'autre signal souhaité est d’étre annulé par
le noeud de réception (540) lors de I'exécution de la mesure d’interférence.

Procédé selon 'une quelconque des revendications précédentes, dans lequel 'au moins un signal d’interférence
émis est un signal isotrope.

Procédé selon I'une quelconque des revendications 1 a 17, comprenant en outre les étapes de :
la détermination (925) d’'une signature spatiale prévue d’'une émission de données prévue au noeud deréception
(540) ;

application (928) de ladite signature spatiale prévue lors de I’émission dudit au moins un signal d’interférence.

Procédé selon la revendication précédente, dans lequel ladite sighature spatiale prévue est déterminée sur la base
d’un statut de mémoire tampon respectif et de rapports de CSI historiques du noeud de réception (540) et d’au
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moins un autre noeud de réception (550) desservi par le noeud d’émission (560).

Procédé selon 'une quelconque des revendications précédentes, dans lequel ladite IMR déterminée est un sous-
ensemble d’'un ensemble de TFRE sur lequel ledit noeud de réception (540) est configuré pour ne pas attendre
d’émissions de données de I'un quelconque dudit au moins un point d’émission (510, 520, 530).

Procédé selon la revendication précédente, dans lequel ledit ensemble de TFRE est un ensemble de configurations
de signal de référence d’informations d’état de canal, CSI-RS, de puissance nulle.

Procédé selon 'une quelconque des revendications précédentes, dans lequel ladite IMR déterminée s’applique
pour n'importe quel noeud de réception (540, 550) desservi par le noeud d’émission (560).

Noeud d’émission (560, 1000) pour permettre a un noeud de réception (540) d’effectuer des mesures sur une
interférence, le noeud émission (560, 1000) étant configuré pour pouvoir &tre relié @ au moins un point d’émission
(510, 520, 530) dans un systéme de communication sans fil (500, 600, 700), dans lequel des réceptions au noeud
de réception sont susceptibles de subir une interférence provoquée par des émissions de 'au moins un point
d’émission (510, 520, 530), le noeud d’émission (560, 1000) comprenant :

une circuiterie de traitement (1020) configurée pour effectuer la détermination d’'une ressource de mesure
d’interférence, IMR, comprenant un ensemble d’éléments de ressources de temps-fréquence, TFRE, sur lequel
le noeud d’émission est censé émettre une interférence, la circuiterie de traitement (1020) étant en outre
configurée pour effectuer 'émission d’au moins un signal d’interférence sur ladite IMR en tant que ladite inter-
férence, par l'intermédiaire de I'au moins un point d’émission (510, 520, 530), dans lequel 'au moins un signal
d’interférence comprend un signal souhaité, qui est censé étre décodé ou mesuré de maniére cohérente par
le noeud de réception (540) ou un autre noeud (550) desservi par ledit noeud d’émission (560),

le noeud d’émission (560, 1000) étant caractérisé en ce que I'au moins un signal d’interférence comprend en
outre un autre signal, qui n'est pas censé étre décodé ou mesuré de maniére cohérente par un noeud (540,
550) desservi par ledit noeud d’émission (560, 1000), la circuiterie de traitement (1020) étant en outre configurée
pour effectuer 'émission du signal souhaité a la place de I'autre signal en tant que ledit au moins un signal
d’interférence sur un ou plusieurs TFRE de I'IlMR lorsque I'au moins un point d’émission (510, 520, 530) doit
émettre le signal souhaité au noeud de réception (540) ou a l'autre noeud (550) desservi par ledit noeud
d’émission (560), la circuiterie de traitement (1020) étant en outre configurée pour émettre 'autre signal sur
des TFRE de ladite IMR lorsqu’aucun signal souhaité n’est émis et couper I'autre signal sur les TFRE de ladite
IMR lorsque le signal souhaité est émis.

Noeud d’émission (560, 1000) selon la revendication 24, dans lequel le noeud d’émission (560, 1000) est configuré
pour utiliser les mesures d’interférence pour effectuer une adaptation de liaison d’une liaison de communication
entre le noeud d’émission (560, 1000) et le noeud de réception (540), la circuiterie de traitement (1020) étant en
outre configurée pour effectuer :

la réception, par l'intermédiaire de I'au moins un point d’émission (510, 520, 530), d’'un rapport d’informations
d’état de canal, CSI, en provenance du noeud de réception (540), dans lequel le rapport de CS| est basé au
moins en partie sur des mesures d’interférence effectuées par le noeud de réception (540) sur ladite IMR ; et
I'émission, par 'intermédiaire de 'au moins un point d’émission (510, 520, 530), d’'un signal de données ou de
commande au dit noeud de réception (540) en utilisant une allocation de ressources et/ou une adaptation de
liaison qui sont basées au moins en partie sur ledit rapport de CSI.

Noeud d’émission (560, 1000) selon 'une quelconque des revendications 24 et 25, dans lequel la circuiterie de
traitement (1020) est en outre configurée pour effectuer :

l'instruction, par I'intermédiaire de I'au moins un point d’émission (510, 520, 530), au noeud de réception (540)
de mesurer une interférence sur ladite IMR.

Noeud d’émission (560, 1000) selon 'une quelconque des revendications 24 a 26, dans lequel 'au moins un point
d’émission (560, 1000) comprend une composition de points d’émission et dans lequel la circuiterie de traitement
(1020) est configurée pour effectuer I'émission de I'au moins un signal d’interférence par I'émission d’un signal
d’interférence respectif sur ladite IMR, par l'intermédiaire de chaque point d’émission dans ladite composition de
points d’émission.

24
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Noeud d’émission (560, 1000) selon 'une quelconque des revendications 24 a 27, dans lequel la circuiterie de
traitement (1020) est configurée pour effectuer la détermination de ladite IMR en tant qu’un sous-ensemble d’un
ensemble de TFRE sur lequel ledit noeud de réception (540) est configuré pour ne pas attendre d’émissions de
données de 'un quelconque dudit au moins un point d’émission (510, 520, 530).

Noeud d’émission (560, 1000) selon la revendication précédente, dans lequel ledit ensemble de TFRE est un
ensemble de configurations de signal de référence d’'informations d’état de canal, CSI-RS, de puissance nulle.

25
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BLJARAS ES ELRENDEZES VEZETEE NELKULI KOVMUNIKACIOS
RENDSZERBEN

Beabadalmi igtnypostek

Elfdras addesomdpontban (560) vevdosomdpont (540} engedélverdsdre, hogy az olyan

ni >

3

interferencia mdrdesket végerren, amelyet legaldbb egy olvan addspontbdl (319, 320,
3303 vald addsok okortad, amelyvet a2 addcsomdpont (380} verdrel a vevSesomdponton
{34801 vald viteleken, ar add- & g vevdosombpont (380, 340} veredk ndlkill bomnwuni-
kcios rendszerben (500, 600, 700 van, av elideds a kivethedhel tartalmares:
IMR interferenciamdedst erdforrds meghatdrozdse (810), smely TFRE iddfrek-
vencia-erdfonds elenek halwazdt tartalmazen, amelyen ax addesomdpont varha-
than interferencidy ad: $8

fegalghh

i3

Cj'

ey nterforencinied aeddye (930} ax IMRe-en av interferenciahén, ahol a

fegaldbb oy intorferencinjel tartalmaz spy kivant jolet, amelvel virhadan dekiée

delnak vagy koherers mddon mér 1 vevSesomdpont (340} vagy egy misik eso-

mépont (330), amelvet az addosomadpont {560) szolpsl ki,

az eljdrdst azzel jellemeryve, hogy o lopalabd spy interferencialel tovibbad tartal

mar epy misk jelet, amely virhatdan nem lear dekddolva vagy koherens mddon
mérve ggyik csomdpont (349, fltal sem, amelvet a2 addesomdpont (360)
szolgal ki, aliol a kivant jelet s mfz&ik‘jiﬁ helyén adjdk legalibb epy interferencia-
jelnel ax IMR egy vagy 10bb TFRE-{¢n, amikor s legalabb sgy adéspont arm szol-
Sal, bogy o kivamt jelet & vevdesomdpontaak (540} vagy a masik s:s:;m-;%gx}ﬁ:mak
(550} adia. ametyet ax addesomdpont (5360) szolgal i, és ahol a masik jelet adisk,
ahiol @ mésik jol elndmul az IMR TFREein, shol a kivint jelet adisk.

Az oldzd igduypont seenintl eljdeds, ams:éiy- iovibbd taviglmazze egy tovibbisudd

tov)

Ta

alkeretre annak Kivdlasaidedt, hogy a kivant jelet vagy @ misik jeler adidk-2 az IMR egy




4
>

&)

i

irds, ahol a kivant jelet vivhatden dekddolia a

Az elded igénypontok epyike szeriny off

veviosomdpont (340) vagy eyy wmdsik csomdpont (530}, amelvet ar addosomdpont

{360} selpal ki

Az eliad igdnyponiok egrike szevint elidnds, ahol & kivint ol cgv adatiel, amelvet a fi-

zikal lefold irdnyuld kaposolatl megosaton ceatordn adnak.

Inbizd addpontokbsl (51, 5320,

A ellad igdnypontek egyike szerint cBdnds, ahol a
530} valt addsokat 55.&‘:5:*.5:&&31@{33}&& hogy vezdreligh av interforenciit &z,ug‘o javitsk g

1

velt felmindedget & vesetdk ndlkli komumunikdcids rendszerben (300, §00, 700).
Az eilad igénypomok epvike swerint olideds, ahol ax ivtorforsnciamérdestet az add-
caamopont {360} &8 a vevbosomdpont (540} kxSt konumunikacids kapesolat alkatma-

'

zdsars hasznaljak, ax elifrds o kovetkezd tovabbi pdsekat tanalmann

81 csatornadiapot-informaaid jolontds vétele (940} g veviosomdponud! (540),
ahol a €81 jelentds logaldbh odsaben ax IMReen vl veviosomdpont {540 dltal
vegelt interfervariamsrdseken alapul;

adat- vagy verdridjel addsa (950) a veviosomdpontnak (340) erdforrds- lefoglatds

>

esivagy kupesolatalbalmands sopitsdpével, amely logaldbb réeoben a U8 jelumé-

RS Lo

sen alapal.
Az ¢ldzd pdoypontok egyike szerintl eljieds, amely & kitvetkezd wovibhi épdseket tar-
talmaezar & vevicsomopont (340} reasiidse (920), hogy interforenciit mérjen az MR-

eH.

x elded igduypomntek egyile srevintl eljdrds, ahol 2 logalabb egy addspont {510, 320,

530} tartalmazza we addspontok opy Dsszadilitdsdy, de ahod 1 legalébb agv interferencia-
jel addsa tartalmazzs egy megleleld imterforenciaielnek az IMR-en vald addsdt o adds-

;:;;mi'fzk Gsszedititiadban vl minden egyes adaspontbél.

<8

Az elb2d igénypont szevintt eljards, ahol ar addspontok Seseedilittsn doy keril kivelas

»

wasen, bogy lehetdvd teszl, bogy 8 vevBesomdpont (340) interferencist méjen, smeby

st



283

4

3

fegalabb egy adashipoidnisher alkulmazhatd, smelvre 3 vevdosomdpont {344) jelenti »

U8 esatomadlapotinformdendt as sddesomdponingk (580

A 8 -9 jgdnypomok egvike szerint oliaras, abol az addspontok Sesredllitasst ax add-

conmdpont { 5601 valasagas ki

1"’,

A F — 9. ipdnypontok egyike seerindl eljdrds, shol ar addspontek Ssezedilitiadt egy v

(i’:

aérld csombpont valasetia ki, amely Sssechanpoljs » logalabb egy addspontbdl (310
520, 530} vald sddsokat » legaldbb eg ¥ olyan tovabbl addspontbd] vale a&:&mkka},, At

Iyt egy tovdbl adbosomdpont xue%i a vereldk adikill konmmunikacids rendszerben

(500, 600, T00).

Z

Ax elded igduyponiok cpyike smerintt eljdrds, dol a2 IMR epvbeesik egy URX celiden

Rodty

sonciwerbftards elematvel,

fellemzd relferencigiel konfigurdeid TERE iddfied

A eldad Eggény;\ st szeritt elideds, ahol nomy kerlll addsra URY g legaldbb egy adde-
preamthcd (S0, 328 33071 & CRS kenfigurdctd TFRE~jein,

a2

Ax el igsnypont szerint olideds, shol URY ker®dl gddsra s CRS konfigurdely TFRE-
jein Bvd sromszdédos addspontbal, &s abol & logaldbb eov sddspontbdl (310, 320, 330)

valod addsokat Ssarehangoliak a szomseddos addsponibdl vald addsokkal.

Az - 1 tgdnypontok sgvibe szecing elpivds, shol gz IMB- olvan USRS csalomagh

fapot-infonmacid reforendiajel THERE défekvencia-orfifomis clerastvel

2

foddik le, amelvet @ vevdescandpontra (340} alkalmarnak, ds ahol 8 CRRY hatdsat som-

lepesiiant kell a vevdosomdpont {540} sl az interferenciamérds végadsekor,

Azl - 1L igénypontok sgyike sserdatl oljdnts, ahol az IMR olyan nulla teliesiiményii

CSERS cxatomadiiapot-informield referenciaiel konfigurdcis TPRE iddfekvenciue

,,~

$%

eréifornts olometvel van lefodve, amelyet s vevSesomdpontrs (540) allalmaznak,

Az 111 igdnypontok gy eljdrds, shol egy blomely olvan csomdpont (340,

§50) dltal vichatoan dekddolandd vagy koberers modon mérendd tovabl kivant jelet,



5.8

18

28,

¥odb
¥k

‘3'

anelvet ax adtosomdpont (3601 arolgsl ki, legalibh epy olvan TFRE idbfrsbvencia-

grédforrdy elemen tovabbtanal, amedy egybeesih a2 IMRorel, a tovabbitott legaldbb sy

mterierencinjelen kivil, €5 abol a tovabbi kivant jel hatdsdt semlogesitont kell a vevd-

ceomdpont (540 dlial ax Interferenciamdrés végadeekor,

Az eidzd igényponiok egyike srevit] elidrds, abol o tovibbitott legalibb egy interforen-

clajel jzotdp ioh

Az 1= 17 igénypontok epvike szevinti eljdeds, amely tovabba a kivetkezd pdseket tar-
taimazza;

X

s vevbosomdponthoz {540} vald tervezett sdatdivitel vint trbell aldivdsdnak meg-

& vart tirbeh slibds efkalmandsa (928) g legalabd egy intorforenciajel divitelekor
Az ol8ed igduypond seorintl eljdnds, ahol g virt tdebell aldinds meghatdrozdss a vevd-
exomdpont {340) megfeledd pulferdtlapota, valamint az addosomdpont (360) dial ki-
szedgalt bepalabb wgy tovabbi vevdosomdpent (358 eldzméayt ONT jelentéset alapian

Bridaik.

Az eldad igénypontoN cgyike seerintt oljdrds, ahol & meghatdrnzon IMR ofyan TFREK

’Jt

halmardnak sészhaimazs, amelven a vevdosomdpont (340} arra van kslakitva, hogy ng

virion adatd

vik lopaldbb epy addspontté {810, 520, 338) cem.

Az eldzd igénypont sreritd elideds, ahol & TPREA hadmasa & nulls teljesioményd O81-

RE esatornadilapot-informacid reforenciajel-konfigurdcidk hulmazs.
Az ol igénypontek cgvike szorintt oljdrds, shol a meghwdrozolt IMR a2 addesemi-
pont {3601 altal biszolgdlt baomely vevieosomopontea (34, 350} vonathonk,

Addescmdpont (360, 1000}, amely arra var kialakitva, hogy vogeddlyesze egy veud-

csondponinak (540, hogy interferenciaméréseket végereen, az sddosnnudpont {380,

FO00Y aren van konfigwrdlve, bogy cssthabostaihatd legyen legaldbh epy addsosomd-



ponthoz (310, 520, 530) vezetdk nelkili kommunikacids rendszerbon (300, 608, 7O,

. .

ahol g vevbesomépontokad] vald véielek Kt vannak tve ¢ legaldbb egy addscsamdpont

Gl (510, 520, 5330) vald adésok dligl okozolt nterferencuinak, az addscsomdpont {564,

1000) & Rovetkesdket favtalmaeza:

feddolgozd dramkdr (1020}, amely ama van Kialskitva, hogy meghatdrozzon ogy

2

-

MR interferenciamdérd erfforrdst, smely TERE wdofy

kvencip-erdforrds slemeXk
halmard totebnazzs, amelveken av addosomdpont virhatdan interferencidt ad, a

foldolgnzd dramiSr (1020} tovahba wrva van Walakitve, bogy interferencidt tovib-

bitson a legalabb egy adésponton (814, 520, 330) beresaa®l, valanint egy interfe-
renvigieler tovdbbiison ax IMBegn, bl a legalabb egy interferenciaiel tartalmar

sgv kivant jelet, amelyet o veviosomdpont (340} vagy ax sdéosomdpont (360) al-

2y

tal biszodgalt masik csomopent (55{ vachatdan dekddol vagy koherens mddon

meér,
ax addesomdporntot {364, 1000) neeal jellemezve, bogy a logaldbb cgy tuterforen-

ciajel tovibbd tartalmae egy misk jelet, amely véarhattan nem lesz dekddolva

agy koherens mddon mérve egyik cxomdpont (340, S50) fltal sem, amelyet az
adbocsomdpont {560, 1000} szolgdl &, & feldolgozd dramkdr (1020} tovitbs s
van kialakiiva, hogy tovibbitsa a kivant jelet o masik ol helven lepuddbl egy e

terferencigielng! az IMR egy vagy tibb TPRE-jén, amikor o legalabb egy adés-

pont (313, 520, 530) avva seolpdl, bogy a kivaw jelet a vevlesomdGpontnak (340

vagy & masik csomdpontnak (358} adia, amelvel ax addescandpont (360} swolpd

(3“ e
P
foso

ki, a feldolpngd aramksr (1020} ovabba ars van Kalakitva, hogy tovabbitsa ¢
rvdsth jelet az IMR TFRE-jein, ahol nemy aduad Kivant jelat, & cindmitsa o mdaik

jolot nz IMR TFRE-jein, ahol o kivant jelst adigk.

bt
0

ACZ24, ipdnvpont szerintt addesomdpnnt {360, 1000}, ahol ax addesomdpont (588, 106(%
arra van kislakitve, hogy folhaszadlia az imerforenciaméndseket ap addosomdpont {368,
HH0Y S5 8 vovdosoradpeer (340) kdednt kommunikicids kaposolat albalmardadhor, a

foldolaped aramkar (120} tovabba a kvetkezdkre van kialahiten:

3

foo]

CBI esatornadllapot-informacid jelentds vitels a logalibb egy addsponton (5319,

)

320, 330) kevesztitl a vovdosomaponttal {348), abied 8 O8] jelentés logalabb rése-



o

z

besr ax IMR-en Iévh vevdesomdpont (340) altal végrent interforenciaméndseken
slapud; &
sdat~ vagy verdriiel adiica fogaldbb gy adfsponton (310, 320, 530 Keresziti] &
vevhesomdpontnak (349} erdforcda-defoglaids éafvagy keposolatalkalnnwas segit-
ségéyel, amely logslibb részhben & U jolentésen alapul
26, A 24 ~ 28, lgdnypontok epyike srerintt addosowdpent (364, N, sl g feldolgod
Gramkér (1020} tovabba a Kovetkextkre van Kalakitva:

z

a veviosomdpont {3407 wiasiidsn a leguldbb epy addaponton (318, 326, 3363 he-

w NANTg

resstitl ar IMB-en vl wteriSrenciamérdses

Yot
g

A 24~ 26, igénypontok eyl

ke srerintl addesemdpont {560, 1400}, shal a lopaldbh egy

addspont {568, 1000) trtalmazea a2 addsponiok ggy Ssszedllitdaiy, ds gl 8 Rldolgoad

dramkie (1020} ams van kislakfive, bogy tovabdditse a logalabb ey Wuerferes cmek
megteleld interfersnvigielvek az IMReen ap addspontok Sssesdbiftiadban 18vd minden

ogyes addsponton keresztilt vald adasaval.

28, A 24 - I7. igénypontol sgvike spevintl addesomdpont {368, 1000}, ahol a feldolgond

oS

dramkar {1020% arve van kialekitva, hogy meghatbrozza az iMRet, mint a TERE-K rézn-
halmazat, amelyen & veviesomdpont {3401 arra van kislakitvy, hogy ne virjon adatéivi-

ekt cgyvik logaldbh epy addepontad! {318, 326, 5301 senn.

«igdnypond szerint addestrndpont (580, 1006}, shot a TFREWK halmers o nulla

teliesitmduyt ORELRS csatornadtiapot-informactd reforenciaiel-konfiguracick halmaza,
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