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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 transmission rank adaptation in a multiple antenna wireless communication system.

BACKGROUND

[0002] In a typical cellular radio communication system, also referred to as wireless communication system, user
equipments, also known as mobile terminals and/or wireless terminals communicate via a Radio Access Network (RAN)
to 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 thus
may be, for example, portable, pocket, hand-held, computer-included, or car-mounted mobile devices which communicate
voice and/or data with radio access network.
[0003] The radio access network covers a geographical area which is divided into cell areas, with each cell area 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. A cell is a geographical area where
radio coverage is provided by the radio base station equipment at a base station site. The base stations communicate
over the air interface operating on radio frequencies with the user equipment units within the range of the base stations.
[0004] 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 or sending node and the receiver or receiving
node are equipped with multiple antennas, which results in a multiple-input multiple-olitplit (MIMO) communication
channel. Such systems and/or related techniques are commonly referred to as MIMO.
[0005] The Long Term Evolution (LTE) standard is currently evolving with enhanced MIMO support. A core component
in LTE is the support of MIMO antenna deployments and MIMO related techniques. LTE-Advanced, i e 3GPP Release-
10, enables support of eight-layer spatial multiplexing with possible channel dependent preceding. Such spatial multi-
plexing is aimed for high data rates in favorable channel conditions. An illustration of precoded spatial multiplexing is
provided in Fig 1.
[0006] In preceded spatial multiplexing., the information carrying symbol vector s is multiplied by an NT x r precoder
matrix WNT3r, which serves to distribute the transmit energy in a subspace of the NT dimensional vector space, which
corresponds to NT antenna ports of the sending node. The r symbols in s each are part of a symbol stream, a so-called
layer, and r is 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 time-frequency resource element (TFRE).
[0007] The number of layers or rank, r, is typically adapted to suit the current channel properties. Furthermore, the
precoder matrix is often selected from a codebook of possible precoder matrices, and typically indicated by means of a
precoder matrix indicator (PMI), which for a given rank 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.
[0008] LTE uses Orthogonal Frequency Division Multiplexing (OFDM) in the downlink, and Discrete Fourier Transform
(DFT) precoded OFDM in the uplink, and hence the received NR 3 1 vector yn of data on the TFRE indexed n, is modeled by 

where n denotes a transmission occasion in time and frequency, en is a noise plus interference vector modeled as
realization of a random process. The precoder, or precoder matrix, for rank r, WNT3r, can be a wideband precoder, which
is either constant over frequency, or frequency selective.
[0009] The precoder matrix is often chosen to match the characteristics of the NRxNT MIMO channel matrix Hn, resulting
in so-called channel dependent precoding. When based on User Equipment (UE) feedback, this is 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. In addition, the precoder matrix may also be selected
to strive for orthogonalizing the channel, meaning that after proper linear equalization at the UE, the inter-layer interference
is reduced.
[0010] In closed-loop precoding, the UE transmits, based on channel measurements in the forward link, i e the downlink,
recommendations to the eNodeB 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
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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 (CSI) feedback, which also encom-
passes feeding back other entities or Information than precoders to assist the eNodeB or base station in subsequent
transmissions to the UE. Such other Information may include channel quality indicators (CQIs) as well as rank indicator
(RI).
[0011] In the document ZIJIAN BAI ET AL: "On the physical layer performance with rank indication selection In LTE/LTE-
Advanced system", 2010 IEEE 21st international symposium on personal, indoor and mobile radio communications
workshops (PIMRC workshops); 26-30 Sept. 2010; Istanbul, Turkey, IEEE, PISCATAWAY, NJ, USA, 26 September
2010 (2010-09-26), pages 393-398, XP031837085, ISBN:978-1-4244-9117-9 different RI selection algorithms based
on Signal to Noise Ratio (SNR) values are discussed.
[0012] Signal and channel quality estimation Is a fundamental part of a modern wireless system. Noise and Interference
estimates are used not only in the demodulator, but are also important quantities when estimating, for example, the
channel quality Indicator (CQI), which is typically used for link adaptation and scheduling decisions on the eNodeB or
base station side.
[0013] The term en In (Error! Reference source not found.) 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 from cell-specific reference symbols (RS) that are present in the time-frequency grid of
LTE. Such RS may correspond to the 3GPP Release-8 cell specific RS, transmitted on antenna ports 0 - 3, as well as
the new CSI RS available in 3GPP Release-10.
[0014] Estimates of interference and noise can be formed in various ways. Estimates can easily be formed based on
TFREs containing cell specific RS since sn and WNT3r are then known and Hn is given by the channel estimator, It is
further noted that the interference on TFREs with data, that is scheduled for the UE in question, also can be estimated
as soon as the symbols, e g data symbols, sn are detected, as they 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 yn Intended for the UE of interest, thus possibly avoiding needing to decode the transmission before
estimating the interference term.
[0015] Thus, in a wireless communication system employing multlple-Input multiple-output (MIMO) communication
where a transmitter or sending node, e g a base station or an eNodeB, having NT antenna ports transmits information
carried in a symbol vector s comprising r symbols over a MIMO communication channel to a receiver or receiving node,
e g a UE, having NR antenna ports, each of the r symbols in the information carrying symbol vector s is part of one of r
symbol streams between the sending node and the receiving node, also called layers, and r is referred to as the rank
or transmission rank. The number of layers or rank, r, is typically adapted to suit the current channel properties and a
precoder matrix WNT3r for rank r is chosen. The precoder matrix may be chosen to match the characteristics of the
NRxNT MIMO channel matrix HN. In closed-loop preceding, the receiving node transmits, based on channel measure-
ments in the forward link, i e the downlink, recommendations to the sending node of a suitable precoder matix to use.
In addition, the receiving node may need to estimate and report, for example, the channel quality indicator (CQI), which
is typically used for link adaptation and scheduling decisions by the sending node.
[0016] In practice, CQIs are rarely perfect and substantial errors might be present which means that the estimated
channel quality does not correspond to the actual channel quality seen for the link over which the transmission takes
place. The eNodeB. or base station can to some extent reduce the detrimental effects of erroneous CQI reporting by
means of outer-loop adjustment of the CQI values. By monitoring the acknowledgement/non-acknowledgement
(ACK/NACK) signaling of the hybrid automatic repeat request, (ARQ), the eNodeB. or base station can detect if the
block error rate (BLER), or a related measure, is below or above the target value. Using this information, the eNodeB
or base station can decide to use more offensive, i e less robust, modulation and coding scheme (MCS) than recom-
mended by the UE. Alternatively, the eNodeB can decide to use a more defensive, i e more robust, modulation and
coding scheme (MCS) than recommended by the UE based on the information about BLER or a related measure.
However, it is more difficult for the eNodeB or base station to deviate from recommended rank, because the CQI reports
relate directly to the rank. A change in rank therefore renders the information provided by the CQI reports difficult or
impossible to utilize-that is, the eNodeB or base station would have severe difficulties knowing which MCS to use on
the different data streams if the eNodeB or base station would override the rank recommended by the UE.

SUMMARY

[0017] It is therefore an object of at least some embodiments of the present disclosure to improve the possibilities to
perform transmission rank adaptation in a multiple-antenna wireless communications system.
[0018] It is a another object of at least some embodiments to enable a sending node to control or influence the
considerations made and/or feedback given by a receiving node when assisting the sending node in performing adap-
tations of a rank for transmissions to the receiving node.
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[0019] A further object of at least some embodiments is to enable a receiving node to provide feedback that balances
performance aspects of the receiving node against overall system performance aspects when assisting the sending
node in performing adaptations of the rank for transmissions to the receiving node.
[0020] According to a first embodiment of the present disclosure, at least some of these objects are achieved by a
method in a receiving node for assisting a sending node in performing adaptations of a rank for transmissions. The
transmissions are received by the receiving node over a multiple-input-multiple-output (MIMO) channel. The rank may
be one out of a set of different ranks, and the set of different ranks comprises a first rank and at least one second rank.
The receiving node performs measurements on one or more reference signals received from the sending node. The
receiving node then performs a first feedback computation for the first rank based on the performed measurements. The
first feedback computation includes applying a first relation between assumed transmitted energy for data and transmitted
energy for the one or more reference signals. The first relation is specific to the first rank. A second relation between
assumed transmitted energy for data and transmitted energy for the one or more reference signals is specific to the at
least one second rank. The receiving node then performs at least one second feedback computation for the at least one
second rank based on the performed measurements. Based on the performed first and at least one second feedback
computations the receiving node then selects a rank out of the first rank and the at least one second rank and indicates
the selected rank in a feedback report to the sending node.
[0021] According to a second embodiments of the present disclosure, at least some of these objects are achieved by
a method in a sending node for enabling a receiving node to assist the sending node in performing adaptations of a rank
for transmissions to the receiving node. The transmissions are made by the sending node over a multiple-input-multiple-
output (MIMO) channel. The rank may be one out of a set of different ranks, and the set of different ranks comprises a
first rank and at least one second rank. The sending node transmits one or more reference signals to the receiving node.
The sending node also signals a first relation between assumed transmitted energy for data and transmitted energy for
the one or more reference signals to the receiving node and second relation between assumed transmitted energy for
data and transmitted energy for the one or more reference signals. The first relation is specific to the first rank and the
second relation is specific to the at least one second rank. The sending node then receives a feedback report from the
receiving node. The feedback report indicates one of said first and said at least one second ranks as a selected rank.
[0022] According to a third embodiment of the present disclosure, at least some of these objects are achieved by a
receiving node for assisting a sending node in performing adaptations of a rank for transmissions. The transmissions
are received by the receiving node over a multiple-input-multiple-output (MIMO) channel. The rank may be one out of
a set of different ranks, and the set of different ranks comprises a first rank and at least one second rank. The receiving
node comprises a transceiver and a processor. The transceiver is adapted to receive one or more reference signals
from the sending node and to transmit a feedback report to the sending node. The processor is adapted to perform
measurements on the one or more reference signals. The processor is further adapted to perform a first feedback
computation for the first rank based on the performed measurements. The first feedback computation includes applying
a first relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals. The first relation is specific to the first rank. A second relation between assumed transmitted energy for data
and transmitted energy for the one or more reference signals is specific to the at least one second rank. The processor
is further adapted to perform at least one second feedback computation for the at least one second rank based on the
performed measurements. Finally, the processor is adapted to select a rank out of the first rank and the at least one
second rank based on the performed first and at least one second feedback computations and to indicate the selected
rank in a feedback report to the sending node.
[0023] According to a fourth embodiment of the present disclosure, at least some of these objects are achieved by a
sending node for enabling a receiving node to assist the sending node in performing adaptations of a rank for transmissions
to the receiving node. The transmissions are made by the sending node over a muitiple-input-multipie-output (MIMO)
channel. The rank may be one out of a set of different ranks, and the set of different ranks comprises a first rank and at
least one second rank. The sending node comprises a transceiver. The transceiver is adapted to transmit one or more
reference signals to the receiving node. The transceiver is further adapted to signal a first relation between assumed
transmitted energy for data and transmitted energy for the one or more reference signals and to signal a second relation
between assumed transmitted energy for data and transmitted energy for the one or more reference signals to the
receiving node. The first relation is specific to the first rank and the second relation is specific to the at least one second
rank. Finally, the transceiver is adapted to receive a feedback report from the receiving node indicating one of said first
and said at least one second ranks as a selected rank.
[0024] By providing a first relation between assumed transmitted energy for data and transmitted energy for the one
or more reference signals that is specific to the first rank, and a second relation between assumed transmitted energy
for data and transmitted energy for the one or more reference signals that is specific to the at least one second rank,
and applying the first relation in the first feedback computation for the first rank, it becomes possible to apply different
assumptions on relations between transmitted energy for data and transmitted energy for the one or more reference
signals for different ranks or groups of ranks, thereby influencing the likelihood of different ranks to be selected or how
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often they are selected as a result of the feedback computations, as the relative candidate strengths among the ranks
are altered.
[0025] The possibility to alter the relative candidate strengths among the ranks gives improved possibilities to perform
transmission rank adaptation. The relations between assumed transmitted energy for data and transmitted energy for
the one or more reference signals specific to a rank or to a group of ranks enable the sending node to control or influence
the considerations made and/or feedback given by the receiving node so that the receiving node provides feedback that
balances performance aspects of the receiving node against overall system performance aspects. Thus, the above
objects are achieved by at least some embodiments of the present disclosure.
[0026] The introduction of several configurable PMO parameters or relations between assumed transmitted energy
for data and transmitted energy for the one or more reference signals that may be different for different ranks has the
advantage of offering a way for ensuring that the reported rank is increased, i e that a higher rank is reported, only when
it is significantly beneficial from a link perspective to do so. This avoids the undesirable behavior that the receiving node
or UE is reporting a higher rank because of a seemingly marginal gain on the link which turns into a loss because of the
resulting higher ranks transmission’s more detrimental interference to other cells. It also improves dynamic switching
between SU-MIMO and MU-MIMO since the receiving node or UE, with appropriately configured PMO values or relations
between assumed transmitted energy for data and transmitted energy for the one or more reference signals, is less
likely to report a higher rank even though a lower, more MU-MIMO, friendly rank would turn out to be better.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Figure 1 is a schematic block diagram illustrating preceded spatial multiplexing.

Figure 2 is a schematic block diagram illustrating communication between a sending node and a receiving node
according to some embodiments.

Figure 3a is a flow chart illustrating a method in a receiving node according to some embodiments.

Figure 3b is a flow chart illustrating a method in a receiving node according to some embodiments.

Figure 3c is a flow chart illustrating a method in a sending node according to some embodiments.

Figure 4 is a schematic block diagram illustrating an arrangement according to some embodiments.

DETAILED DESCRIPTION

[0028] 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.
[0029] It should be noted that although terminology from 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.
[0030] 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 sending 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
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 sending node may be the UE.
[0031] According to at least some of the embodiments of the present disclosure solutions for enabling a receiving
node to assist a sending node in performing rank adaptation in a multiple antenna wireless communication system are
provided. A first node, also denoted a sending node, communicates with a second node, also denoted a receiving node,
over a communication link over which one or more data streams or symbol streams may be sent between the sending
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node and the receiving node during a transmission occasion or time-frequency transmission occasion, where each
number of data streams or symbol streams corresponds to one of a set of different transmission ranks.
[0032] The sending node and the receiving node are equipped with more than one or multiple antenna ports and/or
more than one or multiple antennas, and communicate with each other over a multiple-input-multiple-output (MIMO)
channel. The MIMO channel is set-up over a communication link over which one or more data streams or symbol streams
may be sent in parallel between the sending node and the receiving node, Each number of data streams corresponds
to one rank of a set of different ranks associated with the communication link. The receiving node performs measurements
on reference signals transmitted by the sending node to estimate a measurement channel property and performs com-
putations for feedback to the sending node for an assumed reception of a hypothetical data transmission of an assumed
rank from the sending node based on the performed measurements. In the computations, the receiving node may use
the measurement channel property, possibly modified by a scaling factor, as an assumed data channel property. The
measurement channel property may be modified by the scaling factor to assume a better or worse data channel than
indicated by the measurement channel property. Several such feedback computations may be performed, and for each
feedback computation the assumed rank is selected from the set of different ranks. Based on the feedback computations
one rank out of the set of different ranks is selected and the selected rank, or an indication RI of the selected rank, is
reported in a feedback report to the sending node. The feedback report may be a Channel State Information (CSI)
feedback report.
[0033] The inventors have realized that by allowing the scaling factor to be dependent on the assumed rank, so that
the measurement channel property may be modified in different ways depending on which one of the ranks in the set
of different ranks that is used as the assumed rank, it is possible to account for effects that are not directly seen by the
receiving node and thereby enabling the receiving node to select a rank that better fulfills requirements from a sending
node perspective and/or from an overall system perspective.
[0034] For example, in some situations the link level gain offered by multi-user MIMO (MU-MIMO) may be higher than
the link level gain achieved if the receiving node selects a higher rank for single-user MIMO (SU-MIMO) operation instead
of a lower rank SU-MIMO. By designing the scaling factor so that the assumed data channel property indicates worse
channel conditions of the data channel for the higher rank than for the lower rank, the lower rank may be reported, i e
fed back to the sending node, even in high signal-to-noise ratio (SINR) conditions. This is beneficial for MU-MIMO,
whereas for SU-MIMO in similar situations the use of the higher rank would typically be beneficial. The indication of
worse channel conditions for the higher rank than for the lower rank may for example be achieved by the scaling factor
scaling down the measurement channel property more when the assumed rank is the higher rank than when the assumed
rank is the lower rank, or by the scaling factor scaling up the measurement channel property when the assumed rank
is the lower rank and using the measurement channel property unmodified as the assumed data channel property for
the higher rank.
[0035] The inventors have further realized that the suggested solution may improve the possibility to use MU-MIMO
operation in a system such as an LTE system, where the UE is to a large extent unaware of co-scheduled UEs and thus
reports feedback as if the UE would be scheduled alone on the time-frequency resources, i.e., single-user MIMO (SU-
MIMO) operation is being assumed. On the other hand, the scheduler may very well wish to co-schedule multiple UEs
on the time-frequency resources of interest, i. e., apply multi-user MIMO (MU-MIMO). For such scheduling to be efficient,
the feedback information from the UEs needs to provide channel information that helps the scheduler in deciding between
SU-MIMO and MU-MIMO or a combination thereof. However, for MU-MIMO it is beneficial if a low rank is being reported,
i e fed back to the sending node even in high SINR conditions, while for SU-MIMO in similar situations the use of a high
rank is typically beneficial. The feedback needs for SU-MIMO and MU-MIMO are therefore rather contradictory which
might lead to a situation in which higher rank SU-MIMO is used even though it gives only a small link level gain over low
rank SU-MIMO, a gain that is smaller than the gain offered by MU-MIMO if MU-MIMO would get a chance to be scheduled.
[0036] Another example of a situation when the solution suggested by the inventors may improve the selection of rank
by the receiving node is when there is a risk that interference caused by high rank transmissions degrades system
performance. As the interference caused by high rank transmissions is relatively spatially white and hence spread over
more spatial directions, it is more difficult for to cancel interference stemming from higher rank transmissions than from
lower rank transmissions. By designing the scaling factor so that the assumed data channel property indicates worse
channel conditions of the data channel for higher ranks than for a lower rank, the lower rank may be reported, i e fed
back to the sending node and interference aspects may thus be taken into consideration when the receiving node selects
a rank.
[0037] The rank feedback is otherwise performed in an opportunistic manner in the UE which selects rank to maximize
its own performance without regard to how the choice of rank in the corresponding transmission will affect the interference
to other UEs in, for example, the non-serving cells. It is well-known that UEs performing interference suppression has
more difficulties suppressing interference stemming from higher rank than from lower rank transmissions. Hence, even
though the UE might think that a higher rank is beneficial for its own performance, the increased interference from the
choice of a higher rank might very well lead to lower system performance than if the UE would have selected another
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rank. More specifically, the interference caused by high rank transmissions is relatively spatially white and hence the
interference is spread over more spatial directions. Such spread interference is also more difficult to cancel by advanced
multiple-antenna UE receivers.
[0038] In existing solutions, the UE selects a certain rank and feeds it back to the eNodeB together with CQI and
additional precoder information computed conditioned on the rank. The eNodeB processes the feedback and applies it
for scheduling and link adaptation. Processing may include filtering as well as outer-loop ACK/NACK based adjustment
of received CQIs to better correspond to the channel quality actually seen over the link after transmission. In practice,
ACK/NACK based adjustment is non-trivial and it takes time for the outer-loop to converge. This property of the outer-
loop adjustment may come into conflict with the choice of rank, which depends on instantaneous as well as long-term
channel properties. Under some operating conditions, the rank that is fed back fluctuates wildly. Since the CQIs are
computed conditioned on the rank, the characteristics of the CQI fluctuate wildly as well. This causes problems for the
outer-loop adjustment, which benefits from operating under stable conditions to have a chance to achieve decent con-
vergence.
[0039] Figure 2 illustrates a sending node 200 and a receiving node 270 that may be configured to implement the
solutions and apply the methods proposed in the present disclosure. The sending node 200 is equipped with a number
NT of antenna ports and/or antennas 230 and the receiving node 270 is equipped with a number NR of antenna ports
and/or antennas 250. The sending node and the receiving node are configured to communicate over a communication
link on a radio interface 240 on a multiple-input multiple-output (MIMO) communication channel using precoded spatial
multiplexing. The sending node may transmit data to the receiving node in layered data transmissions of a rank r that
may vary between one and the smallest number of antenna ports or antennas Min (NT, NR) of any one node of the
sending and receiving nodes. The rank r applied corresponds to a number of data streams or symbol streams sent
between the sending node and the receiving node. For a rank of two or more, the data streams or symbol streams are
parallel. The impact of the radio interface on the data transmissions may be modeled by a channel matrix H. The receiving
node performs measurements on reference signals that are transmitted by the sending node on one or more of the NT
antenna ports and/or antennas 230 and received by the receiving node on one or more of the NR antenna ports and/or
antennas 250. The receiving node then may estimate a measurement channel property and perform computations for
providing feedback regarding channel conditions to the sending node. In the computations, the receiving node may use
the measurement channel property, possibly modified by a scaling factor, as an assumed data channel property. The
modification of the measurement channel property by the scaling factor indirectly impacts a relative candidate strength
of the assumed rank, which means than it impacts a likelihood that the assumed rank is selected as a result of the
feedback computations. Several such feedback computations may be performed, and for each feedback computation
the assumed rank is selected from the set of different ranks. Based on the feedback computations one rank out of the
set of different ranks is selected and the selected rank, or an indication RI of the selected rank, is reported in a feedback
report to the sending node. The sending node may then use the selected rank for transmissions to said receiving node.
[0040] According to one embodiment, a method in the receiving node for assisting the sending node in performing
rank adaptation in a multiple antenna wireless communication system is provided, where the sending node communicates
with the receiving node over a multiple-input-multiple-output, "MIMO" channel on a communication link over which a
number of parallel data streams, including the special case of only one data stream, may be sent between the sending
node and the receiving node. Each number of parallel data streams corresponds to one rank of a set of different ranks
associated with the communication link. The set of different ranks comprises a first rank and at least one second rank.
The receiving node performs measurements on one or more reference signals transmitted by the sending node. According
to this embodiment, the receiving node then estimates a measurement channel property based on the performed meas-
urements. The measurement channel property may in some embodiments be a measurement channel estimate.
[0041] The receiving node then performs a first and at least one second feedback computation based on the performed
measurements for an assumed reception of a hypothetical data transmission of an assumed rank. The first rank and
the at least one second rank are used as the assumed rank in the first and at least one second feedback computation
respectively, and the estimated measurement channel property is in this embodiment modified by a scaling factor that
is dependent on the assumed rank, so that a relative candidate strength of the assumed rank is modified. The relative
candidate strength reflects a likelihood that the assumed rank is selected for being indicated or reported to the sending
node for use in transmissions to said receiving node. Based on the performed feedback computations, the receiving
node then determines a selected rank out of the first rank and the at least one second rank to be indicated or reported
to the sending node. The receiving node then transmits the selected rank or an indication of the selected rank to the
sending node in a feedback report.
[0042] The scaling factor may be modified by an hysteresis value so that, in a situation when the first rank is a current
rank that has been indicated or reported to the sending node in a latest feedback report, the relative candidate strength
of the assumed rank is higher when the first rank is used as the assumed rank as compared to the relative candidate
strength of the assumed rank when the first rank is used as the assumed rank in a situation when the first rank is not
the current rank.
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[0043] In some embodiments, the scaling factor may control the candidate strength of the assumed rank by scaling
a channel estimate obtained from the measurements on the reference signals differently for different assumed ranks in
the above described rank computations or feedback computations, i e the channel estimate obtained from said reference
signals may be used as the measurement channel property.
[0044] The scaling factor may in some embodiments reflect or control an assumption on transmitted energy for data
relative to the transmitted energy for the reference signals thereby indirectly also controlling the candidate strength of
each assumed rank selected from the set of different ranks. For example, the scaling factor may be set to a relation or
quota or ratio between an assumed transmitted energy for data and the transmitted energy for the reference signal.
Each such relation or quota or ratio may be specific to each rank, or to a group of ranks in the set of different ranks.
[0045] For example, a first relation between assumed transmitted energy for data and transmitted energy for one or
more reference signals may be specific to the first rank and a second relation between assumed transmitted energy for
data and transmitted energy for the one or more reference signals may be specific to the at least one second rank. To
alter the relative candidate strengths between the first and the at least one second rank it is enough to apply the first
relation in a first feedback computation where the first rank is assumed as long as different conditions, for example a
default relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals that does not discriminate different ranks, are assumed when performing feedback computations where the at
least one second rank is assumed. However, applying the second relation between transmitted energy for data and
transmitted energy for the one or more reference signals, that is specific to the at least one second rank, in feedback
computations for the at least one second rank will contribute further to the possibilities to alter the relative candidate
strengths among the ranks.
[0046] The scaling factor may be determined based on a set of scaling parameters, The scaling factor may be dependent
on the assumed rank in that a first scaling parameter in said set of scaling parameters applies when using said first rank
as the assumed transmission rank in the first feedback computation and a second scaling parameter in said set of scaling
parameters applies when using the at least one second rank as the assumed rank in the at least one second feedback
computation.
[0047] The scaling factor may be determined based on a set of scaling parameters, For example, the set of scaling
parameters may be the set of quota or ratios between the assumed transmitted energy for data and the transmitted
energy for the reference signal for the set of different ranks. The set of scaling parameters may take different values for
different ranks. The values may be specific to each rank, or to each group of ranks. Alternatively or additionally, there
may be one set of scaling parameters per rank or per group of ranks. According to some embodiments, the set of scaling
parameters may be a set of Power Measurement Offset, "PMO" parameters.
[0048] The scaling factor may in some embodiments be dependent on the assumed rank in that there is a specific
scaling parameter in said set of scaling parameters that applies when using a specific one of the different ranks in said
set of different ranks as the assumed rank in the feedback computations.
[0049] The scaling factor and/or scaling parameters may be preconfigured and available in the receiving node according
to some embodiments. Alternatively or additionally, the scaling factor and/or scaling parameters may be signalled by
the sending node, for example in a control message, to the receiving node. The signaling may be done semi-dynamically
or dynamically, e g when requested or at regular intervals.
[0050] In an example, the previously mentioned problems of prior solutions may be mitigated by stabilizing the rank
reporting or feedback reporting of selected rank and introducing means for the sending node or eNodeB to control the
degree of relative aggressiveness among ranks, i e how often the different ranks are selected by the receiving node, by
setting power measurements offsets (PMOs) to be used in the feedback reporting.
[0051] Controlling relative aggressiveness of ranks or candidate strength may be achieved by introducing different
PMO parameters for different ranks, in some embodiments preferably rank specific PMO parameters. The PMO param-
eters may in some embodiments be configured by the sending node or eNodeB. In the evaluation of each rank or
transmission rank, the receiving node or UE may then for each rank apply the associated PMO parameters. In some
embodiments it may be beneficial if separate PMO parameter settings could be applied to the rank selection and CQI/pre-
coder computation.
[0052] It should however be noted that the sending node or eNodeB, knowing actual as well as signaled relation or
ratio between the actual or assumed transmitted energy for data and the transmitted energy for reference signals is
capable of adjusting CQI values.
[0053] Note that in the context of this disclosure, rank specific PMO parameters means that the PMO parameters may
be different for different transmission ranks. This does not mean that the PMO parameters necessarily are different for
each rank, but some ranks may be grouped to use the same PMO parameters.
[0054] Transmission rank reporting or feedback reporting of rank may be further stabilized by adding hysteresis to
rank selection so that a selected rank is kept for a longer time and not abandoned because of small, possibly insignificant
changes of the channel properties. Hysteresis can be achieved by ensuring that when a new rank has been selected,
PMO parameter values for other possible ranks may be decreased by a hysteresis value compared with configured
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values, and/or the PMO parameter value of the currently selected rank may be increased by the hysteresis value. The
hysteresis values are applied when the receiving node performs the next feedback computations after having reported
the new rank as selected rank in a feedback report. The new rank is then taken to be or regarded as a current rank. The
current rank is thereby the rank that was reported in the latest feedback report.
[0055] The hysteresis value may be preconfigured and available in the receiving node according to some embodiments.
Alternatively or additionally, the hysteresis value may be signalled by the sending node, for example in a control message,
to the receiving node. The signalling may be done semi-dynamically or dynamically, e g when requested or at regular
intervals. Different hysteresis values may be applied for different ranks being selected as the current rank.

Rank Specific Power Measurement Offsets (PMOs)

[0056] As mentioned previously, a model of the received data vector on TFREs carrying data symbols can be written as 

where we now for notational simplicity have omitted the subscript n. For feedback computations, the receiving node or
UE needs to assume a similar model for the reception of a hypothetical transmission, or for an assumed reception of a
hypothetical data transmission. However, the model does not necessarily need to be exactly the same. The receiving
node or UE estimates the channel matrix based on reference signals, e.g., Release-8 cell specific reference signal (RS)
or Release-10 Channel State Information Reference Signal (CSI RS), producing a measurement channel matrix Hm.
This channel is scaled by a rank specific or group of rank specific scaling factor or PMO factor αr to produce a model
for the data channel matrix H, which in turn is used to form a measurement model for feedback determination as 

[0057] Note again that αr is not necessarily independently configurable, for example, some ranks may be grouped to
use the same scaling factor or PMO parameter configuration.
[0058] A scaling factor or PMO factor can take on many equivalent forms, including be specified in dB or linear scale,
re-parameterized as a power offset instead of a scaling factor, scaling the e term instead of the channel term in expression
(3) etc.
[0059] The measurement model with the rank specific scaling of the channel matrix part is used by the receiving node
or UE for selecting which rank to report. The same model may also be used for precoder and/or CQI determination but
those feedback components may use potentially different scaling factors in order to minimize the side effects of adjusting
the aggressiveness of rank adaptation, meaning that the frequency of selecting a higher or lower rank is adjusted by
adjusting the strength as a candidate of different ranks. Selecting higher ranks more often is more aggressive than
selecting lower ranks more often.
[0060] The scaling factors may be configurable by the sending node or eNodeB. The sending node or eNodeB may
thus send a configuration message to the receiving node or UE from which the scaling factors may be determined. Such
configuration may be performed in a semi-static manner using e.g. higher layer signaling such as RRC och MAC element
but it may also be implemented in a more dynamic manner in which the scaling factors may be modified as part of a
dynamic triggering mechanism of the receiving node or UE feedback to the sending node.
[0061] The scaling factor can be viewed as "fooling" the receiving node or UE into believing that the SINR or other
channel property or characteristic is better, or worse, than what it actually is. Since the proper rank or selected rank
increases with increasing SINR or other channel property or characteristic, the rank reporting or feedback reporting can
be made more aggressive, i e so that a higher rank is selected more often, by increasing the scaling factor, and conversely,
be made more defensive, i e so that a lower rank is selected more often, with decreased scaling factors. By setting the
scaling factor individually for the different ranks, the likelihood of a rank relative the other ranks may be altered. For
example, decreasing the scaling factor with increasing rank, i.e., 

may be used to make higher rank transmissions less likely, By decreasing the scaling factor sufficiently much for a higher
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rank, it is possible to ensure that a higher rank transmission is only applied when it is substantially better than a lower
rank transmission. This avoids today’s situation where a higher rank is chosen even though the performance gain on
link level is marginal and risks becoming negative on a system level where the detrimental impact of higher rank inter-
ference are seen.
[0062] A typical situation would correspond to a UE or receiving node with two receive antennas and hence the
maximum rank is two. PMO value or scaling factor for rank 1 would be set a couple of dBs higher than for rank 2, The
exact difference of PMO values or scaling factors can be established a-priori through empirical studies of real or simulated
systems. Different kinds of scenarios are conceivable, including pure SU-MIMO, and MU-MIMO with dynamic switching
to SU-MIMO.
[0063] The invented mechanism may also be used as a mean or tool for the sending node or eNodeB to perform rank
override of the UE or receiving node feedback reporting. By setting a very high PMO value or scaling factor for a certain
rank, the receiving node or UE can be made to always report only that rank.

Stabilized Rank Adaptation by Means of Hysteresis

[0064] Stabilized rank adaptation may be achieved by adding hysteresis to the rank selection. Such hysteresis may
be enabled by modifying the rank specific PMOs or scaling factors mentioned above so that when a new rank is selected,
the PMO values or scaling factors for other possible ranks are decreased compared with configured values or configured
scaling factors. This will favor the current rank and require larger change in channel properties in order for the rank to
change, In other words, if the receiving node or UE is reporting rank r, subsequent selection of rank in the receiving
node or UE is based on PMO values or scaling factors 

where Δ is a parameter that may be set to a hysteresis value and that controls the amount of hysteresis. Alternatively
or additionally, the hysteresis parameter or hysteresis value may be subtracted from PMO values or scaling factors of
the other ranks, i.e.,

[0065] The latter form shown in (6) may have the advantage that the CQIs and precoder selection computations are
not affected by the hysteresis parameter or hysteresis value, thus minimizing unwanted side effects of changing PMO
values or scaling factors. The amount of hysteresis may be controlled by the sending node or eNodeB which can signal
to the receiving node or UE the value of the hysteresis parameter Δ. Also in this case the type of signaling may be be
either semi-static or dynamic in a similar manner as described for the scaling factors or PMO parameters.
[0066] The method in the receiving node 270 for assisting a sending node 200 in performing adaptations of a rank for
transmissions to the receiving node 270 over a multiple-input-multiple-output (MIMO) channel according to some em-
bodiments will now be described with reference to Figure 3a. The transmissions, for example data transmissions, are
received by the receiving node 270 over the MIMO channel. The rank used for the transmissions may be one out of a
set of different ranks. The set of different ranks comprises a first rank and at least one second rank. The transmissions
may for example be transmissions of data. The method comprises the following steps, which may be taken in any
appropriate order:

310. The receiving node 270 performs measurements on one or more reference signals received from the sending
node 200.

330a. The receiving node 270 performs a first feedback computation for the first rank based on the performed
measurements. The first feedback computation includes applying a first relation between assumed transmitted
energy for data and transmitted energy for the one or more reference signals. The first relation reflects an assumption
on transmitted energy for data if data would be received that had been transmitted using the first rank relative to
the transmitted energy for the one or more reference signals, for example in form of a ratio between the assumed
transmitted energy for data for the first rank and transmitted energy for the one or more reference signals.
Applying the first relation between assumed transmitted energy for data and transmitted energy for the one or more
reference signals in the first feedback computation adjusts how often the first rank becomes the selected rank. In
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an example embodiment, when the first rank is a lower rank than the at least one second rank, applying the first
relation between assumed transmitted energy for data and transmitted energy for the one or more reference signals
in the first feedback computation may increase a likelihood that the first rank becomes the selected rank.
The first relation is specific to the first rank in that it has been specifically or individually configured for the first rank.
A second relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals is specific to the at least one second rank in that it has been specifically or individually configured for the at
least one second rank. This also means that the first relation has not been configured for the at least one second rank.
The first and second relations between assumed transmitted energy for data and transmitted energy for the one or
more reference signals may be received from the sending node 200, for example in one or more configuration
messages or control messages. Alternatively or additionally, the first and second relations between assumed trans-
mitted energy for data and transmitted energy for the one or more reference signals may be pre-configured in the
receiving node 270.
The first relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals may be reflected by a first Power Measurement Offset parameter applicable for or specific to the first rank.
The second relation between assumed transmitted energy for data and transmitted energy for the one or more
reference signals may be reflected by a second Power Measurement Offset parameter applicable for or specific to
the at least one second rank. In some embodiments, the first and second relation between assumed transmitted
energy for data and transmitted energy for the one or more reference signals are equivalent to the first and second
Power Measurement Offset parameters. The first and second Power Measurement Offset parameters, or first and
second relations between assumed transmitted energy for data and transmitted energy for the one or more reference
signals, may further in some embodiments be separate from Power Measurement Offset parameters used for
precoder and/or Channel Quality Indicator determination.

330b. The receiving node 270 performs at least one second feedback computation for the at least one second rank
based on the performed measurements.
The at least one second feedback computation for the at least one second rank may in some embodiments include
applying the second relation between assumed transmitted energy for data and transmitted energy for the one or
more reference signals., whereas in other embodiments the at least one second feedback computation may be
performed assuming conditions that are not dependent on rank. The second relation reflects an assumption on
transmitted energy for data if data would be received that had been transmitted using one of the at least one second
rank relative to the transmitted energy for the one or more reference signals, for example in form of a ratio between
the assumed transmitted energy for data for the at least one second rank and transmitted energy for the one or
more reference signals.
Applying the second relation between assumed transmitted energy for data and transmitted energy for the one or
more reference signals in the at least one second feedback computation may in some embodiments further adjust,
in addition to the adjustment obtained by applying the first relation in the first feedback computations, how often the
first rank becomes the selected rank. In an example embodiment, when the first rank is a lower rank than the at
least one second rank, applying the second relation between assumed transmitted energy for data and transmitted
energy for the one or more reference signals in the at least one second feedback computation may further increase,
in addition to the increase obtained by applying the first relation in the first feedback computations, the likelihood
that the first rank becomes the selected rank.

340. The receiving node 270 selects a rank out of the first rank and the at least one second rank based on the
performed first and at least one second feedback computations.

350. The receiving node 270 indicates the selected rank to the sending node 200. The receiving node 270 sends
or transmits the indication of the selected rank in a feedback report to the sending node 200. The selected rank may
for example be indicated by a Rank Indicator (RI) in a Channel State Information (CSI) feedback report.
According to some embodiments, the first relation between assumed transmitted energy for data and transmitted
energy for the one or more reference signals may be modified by a hysteresis value when the first rank is indicated
to the sending node 200 in a latest feedback report, so that the relative candidate strength of the first rank becomes
higher when the first rank was indicated to the sending node 200 in the latest feedback report, as compared to the
relative candidate strength of the first rank when the first rank was not indicated to the sending node 200 in the latest
feedback report.

[0067] Figure 3b illustrates further embodiments where the first relation between assumed transmitted energy for
data and transmitted energy for the one or more reference signals is reflected by a first scaling parameter applicable for
or specific to the first rank and wherein the second relation between assumed transmitted energy for data and transmitted
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energy for the one or more reference signals is reflected by a second scaling parameter applicable for or specific to the
at least one second rank. In other words, the first scaling parameter may be determined from the first relation between
assumed transmitted energy for data and transmitted energy for the one or more reference signals and the second
scaling parameter may be determined from the second relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals. The first and second relations between assumed transmitted
energy for data and transmitted energy for the one or more reference signals may be received from the sending node
200. Alternatively, the first and second scaling parameters may be received from the sending node 200, for example in
one or more configuration messages or control messages. The first and second scaling parameters may also be pre-
configured in the receiving node 270. In some embodiments, the first and second scaling parameters may be comprised
in a set of Power Measurement Offset (PMO) parameters. Additionally or alternatively, the first and second scaling
parameters may be separate from Power Measurement Offset parameters used for precoder and/or Channel Quality
Indicator determination.
[0068] The present method steps in the receiving node 270 for assisting the sending node in performing rank adaptation,
i e adaptations of a rank, for transmissions to the receiving node 270 over a multiple-input-multiple-output (MIMO) channel
in a multiple antenna wireless communication system according to these further embodiments will now be described
with reference to a flow chart depicted in Figure 3b.Again in these embodiments, the transmissions are received by the
receiving node 270 over the MIMO channel. The rank used for the transmissions may be one out of a set of different
ranks. The set of different ranks comprises a first rank and at least one second rank. The transmissions may for example
be transmissions of data. The method comprises the following steps, which may be taken in any appropriate order:

310. The receiving node 270 performs measurements on one or more reference signals received from the sending
node 200.

320. The receiving node 270 estimates a measurement channel property based on the performed measurements.
The measurement channel property may in some embodiments be a measurement channel estimate.

330. The receiving node 270 performs feedback computations for assumed rank based on the measurement channel
property modified by a scaling factor that is determined based on a set of scaling parameters that comprises the
first and second scaling parameters. The scaling factor depends on the assumed rank in that the first scaling
parameter applies when using said first rank as the assumed rank and the second scaling parameter applies when
using the at least one second rank as the assumed rank. Thus, in a first feedback computation performed for the
first rank, i e where the first rank is assumed, the measurement channel property is modified by the first scaling
parameter that is specific to the first rank in that it has been specifically or individually configured for the first rank.
In at least one second feedback computation performed for the at least one second rank, i e where the at least one
second rank is assumed, the measurement channel property may additionally be modified by the second scaling
parameter that is specific to the at least one second rank in that it has been specifically or individually configured
for the at least one second rank.
The first and second feedback computations are performed to determine relative candidate strengths of the first
rank and the at least one second rank. By applying the first scaling parameter in the first feedback computation
and/or the second scaling parameter in the at least one second feedback computation, the relative candidate
strengths of the first and at least one second rank may be modified, i e the strengths as a candidate for use in
transmissions to the receiving node 270 of the first and at least one second rank are modified relative to each other.

340. The receiving node 270 selects a rank out of the first rank and the at least one second rank based on the
performed first and at least one second feedback computations. The selection may be performed based on the
relative candidate strengths determined in the performed first and at least one second feedback computations.

350. The receiving node 270 transmits the selected rank to the sending node 200 in a feedback report. The selected
rank may for example be indicated by a Rank Indicator (RI) in a Channel State Information (CSI) feedback report.
According to some embodiments, the first scaling parameter may be modified by a hysteresis value when the first
rank is indicated to the sending node 200 in a latest feedback report, so that the relative candidate strength of the
first rank becomes higher when the first rank was indicated to the sending node 200 in the latest feedback report,
as compared to the relative candidate strength of the first rank when the first rank was not indicated to the sending
node 200 in the latest feedback report.

[0069] The method in the sending node 200 for enabling the receiving node 270 to assist the sending node 200 in
performing adaptations of a rank for transmissions to the receiving node 270 over a multipie-input-mutiiple-output (MIMO)
channel according to another embodiment will now be described with reference to Figure 3c. The rank used for the
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transmissions to the receiving node 270 may be one out of a set of different ranks. The set of different ranks comprises
a first rank and at least one second rank. The transmissions may for example be transmissions of data. The method
comprises the following steps, which may be taken in any appropriate order: for example, step 370 may be performed
prior to step 360:

360. The sending node 200 transmits one or more reference signals to the receiving node 270.

370. The sending node 200 signals or transmits to the receving node 270 a first relation between assumed transmitted
energy for data and transmitted energy for the one or more reference signals, wherein the first relation is specific
to the first rank, and a second relation between assumed transmitted energy for data and transmitted energy for the
one or more reference signals, wherein the second relation is specific to the at least one second rank. The first
relation is specific to the first rank in that it has been specifically or individually configured for the first rank. The
second relation is specific to the at least one second rank in that it has been specifically or individually configured
for the at least one second rank. This also means that the first relation has not been configured for the at least one
second rank.
The first relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals may be reflected by a first Power Measurement Offset parameter applicable for or specific to the first rank.
The second relation between assumed transmitted energy for data and transmitted energy for the one or more
reference signals may be reflected by a second Power Measurement Offset parameter applicable for or specific to
the at least one second rank. In some embodiments, the first and second relation between assumed transmitted
energy for data and transmitted energy for the one or more reference signals are equivalent to the first and second
Power Measurement Offset parameters. The first and second Power Measurement Offset parameters, or first and
second relations between assumed transmitted energy for data and transmitted energy for the one or more reference
signals, may further in some embodiments be separate from Power Measurement Offset parameters used for
precoder and/or Channel Quality Indicator determination.

380. The sending node 200 receives a feedback report from the receiving node 270 indicating one of said first and
said at least one second ranks as a selected rank. The sending node 200 may then use the selected rank for
transmissions to the receiving node 270. The sending node 200 may however in other embodiments override the
selection of rank made by the receiving node and use another rank for transmissions to the receiving node 270.
The first relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals may be set so that the likelihood that the first rank is reported as the selected rank by the receiving node
270 is adjusted. For example, the first relation between assumed transmitted energy for data and transmitted energy
for the one or more reference signals may be set so that the likelihood that the first rank is reported as the selected
rank by the receiving node 270 is increased when the first rank is a lower rank than the at least one second rank.
Similarly, the second relation between assumed transmitted energy for data and transmitted energy for the one or
more reference signals may be set so that the likelihood that one of the at least one second rank is reported as the
selected rank by the receiving node 270 is adjusted.

[0070] To perform the method steps for assisting a sending node 200 in performing transmission rank adaptation, i e
adaptations of a rank for transmissions, the receiving node 270 may be implemented as a node 400 depicted in Figure
4. As mentioned above, the transmissions, for example data transmissions, are received by the receiving node 270, 400
over the MIMO channel. The rank used for the transmissions may be one out of a set of different ranks. The set of
different ranks comprises a first rank and at least one second rank. The transmissions may for example be transmissions
of data.
The receiving node 270, 400 comprises a processor 402 upon which an Operating System 408 and an application 410
may run. The processor 402 is adapted to control an interface unit 412 that comprises a transceiver 414. The processor
402 may further be adapted to control a memory 404 and a secondary storage 406 that may be comprised in the receiving
node 270, 400.
[0071] In accordance with embodiments of the method presented with reference to Figure 3a, the transceiver 414 is
adapted to receive one or more reference signals from the sending node 200 and to transmit or send a feedback report
to the sending node 200.
The transceiver 414 may further be adapted in some embodiments to receive first and second relations between assumed
transmitted energy for data and transmitted energy for the one or more reference signals from the sending node 200,
for example in one or more configuration messages or control messages. Alternatively or additionally, the first and
second relations between assumed transmitted energy for data and transmitted energy for the one or more reference
signals may be pre-configured in the receiving node 270, 400, for example in memory 404.
[0072] In accordance with embodiments of the method presented with reference to Figure 3a, the processor 402 is
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adapted to perform measurements on the one or more reference signals, The processor 402 is further adapted to perform
a first feedback computation for the first rank based on the performed measurements. In the first feedback computation
the processor 402 is adapted to include applying the first relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals. The first relation reflects an assumption on transmitted energy
for data if data would be received that had been transmitted using the first rank relative to the transmitted energy for the
one or more reference signals, for example in form of a ratio between the assumed transmitted energy for data for the
first rank and transmitted energy for the one or more reference signals.
Applying the first relation between assumed transmitted energy for data and transmitted energy for the one or more
reference signals in the first feedback computation adjusts how often the first rank becomes the selected rank. In an
example embodiment, when the first rank is a lower rank than the at least one second rank, applying the first relation
between assumed transmitted energy for data and transmitted energy for the one or more reference signals in the first
feedback computation may increase a likelihood that the first rank becomes the selected rank. According to some
embodiments, the first relation between assumed transmitted energy for data and transmitted energy for the one or more
reference signals, being specific to the first rank, may be modified by a hysteresis value when the first rank is indicated
to the sending node 200 in a latest feedback report, so that the relative candidate strength of the first rank becomes
higher when the first rank was indicated to the sending node 200 in the latest feedback report, as compared to the
relative candidate strength of the first rank when the first rank was not indicated to the sending node 200 in the latest
feedback report.
The first relation is specific to the first rank in that it has been specifically or individually configured for the first rank. The
second relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals is specific to the at least one second rank in that it has been specifically or individually configured for the at least
one second rank. This also means that the first relation has not been configured for the at least one second rank.
The first relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals may be reflected by a first Power Measurement Offset parameter applicable for or specific to the first rank. The
second relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals may be reflected by a second Power Measurement Offset parameter applicable for or specific to the at least one
second rank. In some embodiments, the first and second relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals are equivalent to the first and second Power Measurement
Offset parameters. The first and second Power Measurement Offset parameters, or first and second relations between
assumed transmitted energy for data and transmitted energy for the one or more reference signals, may further in some
embodiments be separate from Power Measurement Offset parameters used for precoder and/or Channel Quality
Indicator determination.
Additionally, the processor 402 is adapted to perform at least one second feedback computation for the at least one
second rank based on the performed measurements. The processor 402 may further in some embodiments be adapted
to include applying the second relation between assumed transmitted energy for data and transmitted energy for the
one or more reference signals in performing the at least one second feedback computation for the at least one second
rank, whereas in other embodiments the at least one second feedback computation may be performed assuming con-
ditions that are not dependent on rank. The second relation reflects an assumption on transmitted energy for data if data
would be received that had been transmitted using one of the at least one second rank relative to the transmitted energy
for the one or more reference signals, for example in form of a ratio between the assumed transmitted energy for data
for the at least one second rank and transmitted energy for the one or more reference signals,
Applying the second relation between assumed transmitted energy for data and transmitted energy for the one or more
reference signals in the at least one second feedback computation may in some embodiments further adjust, in addition
to the adjustment obtained by applying the first relation in the first feedback computations, how often the first rank
becomes the selected rank. In an example embodiment, when the first rank is a lower rank than the at least one second
rank, applying the second relation between assumed transmitted energy for data and transmitted energy for the one or
more reference signals in the at least one second feedback computation may further increase, in addition to the increase
obtained by applying the first relation in the first feedback computations, the likelihood that the first rank becomes the
selected rank.
The processor 402 is further adapted to select a rank out of the first rank and the at least one second rank based on the
performed first and at least one second feedback computations, and to indicate the selected rank in a feedback report
to the sending node 200. The selected rank may for example be indicated by a Rank Indicator (RI) in a Channel State
Information (CSI) feedback report.
[0073] With reference to the further embodiments of the method illustrated in Figure 3b and described in detail above,
the transceiver 414 and the processor 402 of the receiving node 270 implemented as the node 400 depicted in Figure
4 may further be adapted as described below.
[0074] As mentioned above, these further embodiments teach that the first relation between assumed transmitted
energy for data and transmitted energy for the one or more reference signals is reflected by a first scaling parameter
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applicable for or specific to the first rank and that the second relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals is reflected by a second scaling parameter applicable for or
specific to the at least one second rank. In some embodiments, the first and second scaling parameters may be comprised
in a set of Power Measurement Offset (PMO) parameters. Additionally or alternatively, the first and second scaling
parameters may be separate from Power Measurement Offset parameters used for precoder and/or Channel Quality
Indicator determination.
In accordance with the further embodiments of the method presented with reference to Figure 3b, the transceiver 414
is adapted to receive one or more reference signals from the sending node 200 and to transmit or send a feedback
report to the sending node 200. The transceiver 414 is further adapted to transmit a selected rank or an indication of
the selected rank to the sending node in the feedback report.
The transceiver 414 may further be adapted in some embodiments to receive first and second relations between assumed
transmitted energy for data and transmitted energy for the one or more reference signals from the sending node 200,
for example in one or more configuration messages or control messages. The first scaling parameter may then be
determined, e g by the processor 402, from the first relation between assumed transmitted energy for data and transmitted
energy for the one or more reference signals and the second scaling parameter may then be determined, e g by the
processor 402, from the second relation between assumed transmitted energy for data and transmitted energy for the
one or more reference signals. Alternatively, the first and second scaling parameters may be received from the sending
node 200, for example in one or more configuration messages or control messages. Alternatively or additionally, the
first and second scaling parameters may be pre-configured in the receiving node 270, 400, for example in memory 404.
[0075] In accordance with the further embodiments of the method presented with reference to Figure 3b, the processor
402 is adapted to perform measurements on the one or more reference signals and to estimate a measurement channel
property based on the performed measurements. The measurement channel property may in some embodiments be a
measurement channel estimate.
[0076] The processor 402 is further adapted to perform a first and at least one second feedback computation based
on the performed measurements for an assumed reception of a hypothetical data transmission of an assumed rank.
The first rank and the at least one second rank are used as the assumed rank in the first and at least one second feedback
computation respectively. The processor 402 is further adapted to modify the estimated measurement channel property
by a scaling factor that is dependent on the assumed rank so that a relative candidate strength of the assumed rank is
modified. The scaling factor is determined based on a set of scaling parameters that comprises the first and second
scaling parameters. The scaling factor is dependent on the assumed rank in that the first scaling parameter applies
when using said first rank as the assumed rank and the second scaling parameter applies when using the at least one
second rank as the assumed rank. Thus, in a first feedback computation performed for the first rank, i e where the first
rank is assumed, the measurement channel property is modified by the first scaling parameter that is specific to the first
rank in that it has been specifically or individually configured for the first rank. In at least one second feedback computation
performed for the at least one second rank, i e where the at least one second rank is assumed, the measurement channel
property may additionally be modified by the second scaling parameter that is specific to the at least one second rank
in that it has been specifically or individually configured for the at least one second rank. The processor 402 is adapted
to perform the first and second feedback computations to determine relative candidate strengths of the first rank and
the at least one second rank. By applying the first scaling parameter in the first feedback computation and/or the second
scaling parameter in the at least one second feedback computation, the relative candidate strengths of the first and at
least one second rank may be modified, i e the strengths as a candidate for use in transmissions to the receiving node
270 of the first and at least one second rank are modified relative to each other. The relative candidate strength reflects
a likelihood that the assumed rank is selected for being indicated or reported to the sending node for use in transmissions
to said receiving node.
The processor 402 is further adapted to, based on the performed feedback computations, determine a selected rank
out of the first rank and the at least one second rank that is to be indicated or reported to the sending node. The processor
402 may be adapted to select a rank out of the first rank and the at least one second rank based on the relative candidate
strengths determined in the performed first and at least one second feedback computations.
[0077] The processor 402 may further be adapted to modify the scaling factor by an hysteresis value so that, in a
situation when the first rank is a current rank that has been indicated or reported to the sending node in a latest feedback
report, the relative candidate strength of the assumed rank is higher when the first rank is used as the assumed rank
as compared to the relative candidate strength of the assumed rank when the first rank is used as the assumed rank in
a situation when the first rank is not the current rank. In other words, the processor 402 may be further adapted to modify
the first scaling parameter by a hysteresis value when the first rank is indicated to the sending node 200 in a latest
feedback report, so that the relative candidate strength of the first rank becomes higher when the first rank was indicated
to the sending node 200 in the latest feedback report, as compared to the relative candidate strength of the first rank
when the first rank was not indicated to the sending node 200 in the latest feedback report.
[0078] To perform the method steps for enabling a receiving node 270 to assist the sending node 200 in performing
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transmission rank adaptation, i e adaptations of a rank for transmissions to the receiving node 270 over a multiple-input-
multiple-output (MIMO) channel, the sending node 200 may be implemented as a node 400 depicted in Figure 4. As
mentioned above, the rank used for the transmissions may be one out of a set of different ranks. The set of different
ranks comprises a first rank and at least one second rank. The transmissions may for example be transmissions of data.
The sending node 200, 400 comprises a processor 402 upon which an Operating System 408 and an application 410
may run. The processor 402 is adapted to control an interface unit 412 that comprises a transceiver 414.
The transceiver 414 is adapted to transmit one or more reference signals to the receiving node 270. The transceiver
414 is further adapted to signal to the receiving node 270 a first relation between assumed transmitted energy for data
and transmitted energy for the one or more reference signals, wherein the first relation is specific to the first rank, and
a second relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals, wherein the second relation is specific to the at least one second rank. The first relation is specific to the first
rank in that it has been specifically or individually configured for the first rank. The second relation is specific to the at
least one second rank in that it has been specifically or individually configured for the at least one second rank. This
also means that the first relation has not been configured for the at least one second rank.
[0079] The first relation between assumed transmitted energy for data and transmitted energy for the one or more
reference signals may be reflected by a first Power Measurement Offset parameter applicable for or specific to the first
rank. The second relation between assumed transmitted energy for data and transmitted energy for the one or more
reference signals may be reflected by a second Power Measurement Offset parameter applicable for or specific to the
at least one second rank. In some embodiments, the first and second relation between assumed transmitted energy for
data and transmitted energy for the one or more reference signals are equivalent to the first and second Power Meas-
urement Offset parameters. The first and second Power Measurement Offset parameters, or first and second relations
between assumed transmitted energy for data and transmitted energy for the one or more reference signals, may further
in some embodiments be separate from Power Measurement Offset parameters used for precoder and/or Channel
Quality Indicator determination.
The transceiver 414 is further adapted to receive a feedback report from the receiving node 270 indicating one of said
first and said at least one second rank as a selected rank The transceiver 414 may then be adapted to use the selected
rank for transmissions to the receiving node 270. The transceiver 414 may however in other circumstances be adapted
to use another rank for transmissions to the receiving node 270.
The first relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals may be set so that the likelihood that the first rank is reported as the selected rank by the receiving node 270 is
adjusted. For example, the first relation between assumed transmitted energy for data and transmitted energy for the
one or more reference signals may be set so that the likelihood that the first rank is reported as the selected rank by the
receiving node 270 is increased when the first rank is a lower rank than the at least one second rank. Similarly, the
second relation between assumed transmitted energy for data and transmitted energy for the one or more reference
signals may be set so that the likelihood that one of the at least one second rank is reported as the selected rank by the
receiving node 270 is adjusted.
[0080] The receiving node or UE 270 and the sending node or eNodeB 200 may, for example, be implemented using
various components, both hardware and software. For example, as shown generally in Figure 4, such a receiving node
or sending node 400 may include a processor 402, or multiple processor cores, memory 404, one or more secondary
storage devices 406, e.g., external storage device(s), an operating system 408 running on the processor 402 and using
the memory 404, as well as a corresponding application 410. An interface unit 412 may be provided to facilitate com-
munications between the node 400 and the rest of the network or may be integrated into the processor 402. For example,
interface unit 412 can include a transceiver 414 capable of communicating wirelessly over an air interface, e.g., as
specified by LTE, including hardware and software capable of performing the necessary modulating, coding, filtering
and the like, as well as demodulating and decoding to process such signals.
[0081] The present mechanism for transmitting and receiving control information may be implemented through one
or more processors, such as the processor 402 in the node 400 depicted in Figure 4, together with computer program
code for performing the functions of the present solutions for transmitting and receiving control information respectively.
The program code mentioned above may also be provided as a computer program product, for instance in the form of
a data carrier carrying computer program code for performing the present solutions when being loaded into the node
400. One such carrier may be in the form of a CD ROM disc. It is however feasible with other data carriers such as a
memory stick. The computer program code can furthermore be provided as pure program code on a server and down-
loaded to the node 400 remotely.
[0082] The introduction of several configurable PMO parameters or scaling factors that may be different for different
ranks has the advantage of offering a way for ensuring that the reported rank is increased only when it is significantly
beneficial from a link perspective to do so. This avoids the undesirable behavior that the receiving node or UE is reporting
a higher rank because of a seemingly marginal gain on the link which turns into a loss because of the resulting higher
ranks transmission’s more detrimental interference to other cells. It also improves dynamic switching between SU-MIMO
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and MU-MIMO since the receiving node or UE, with appropriately configured PMO values or scaling factors, is less likely
to report a higher rank even though a lower, more MU-MIMO, friendly rank would turn out to be better.
Stabilized rank adaptation by means of hysteresis in the rank selection help outer-loops algorithms for link adaptation
adjustment, such as ACK/NACK based CQI adjustment, to converge leading to less link adaptation errors and ultimately
better performance.
[0083] When using the word "comprise" or "comprising" it shall be interpreted as non-limiting, i.e. meaning "consist at
least of".
[0084] The present invention is not limited to the above-describe preferred embodiments. Various alternatives, mod-
ifications and equivalents may be used. Therefore, the above embodiments should not be taken as limiting the scope
of the invention, which is defined by the appended claims.

Claims

1. A method performed by a receiving node (270) for assisting a sending node (200) in performing adaptations of a
rank for transmissions being received by the receiving node (270) over a multiple-input-multiple-output, MIMO,
channel, the rank being one out of a set of different ranks, the set of different ranks comprising a first rank and at
least one second rank, the method comprising:

performing (310) measurements on one or more reference signals received from the sending node (200);
performing (330a) a first feedback computation for the first rank based on the performed measurements;
performing (330b) at least one second feedback computation for the at least one second rank based on the
performed measurements;
selecting (340) a rank out of the first rank and the at least one second rank based on the performed first and at
least one second feedback computations; and
indicating (350) the selected rank in a feedback report to the sending node (270),
the method CHARACTERIZED IN THAT:

performing (330a) the first feedback computation for the first rank includes applying a first relation between
assumed transmitted energy for data and transmitted energy for the one or more reference signals, wherein
the first relation is specific to the first rank and wherein a second relation between assumed transmitted
energy for data and transmitted energy for the one or more reference signals is specific to the at least one
second rank.

2. The method of the preceding claim, wherein performing (330b) the at least one second feedback computation for
the at least one second rank includes applying the second relation between assumed transmitted energy for data
and transmitted energy for the one or more reference signals.

3. The method of any preceding claim, wherein the first and second relations between assumed transmitted energy
for data and transmitted energy for the one or more reference signals are received from the sending node (200).

4. The method of any of claims 1 or 2, wherein the first and second relations between assumed transmitted energy
for data and transmitted energy for the one or more reference signals are pre-configured in the receiving node (270).

5. The method of any preceding claim, wherein the first relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals is reflected by a first Power Measurement Offset parameter
applicable for the first rank and wherein the second relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals is reflected by a second Power Measurement Offset
parameter applicable for the at least one second rank.

6. The method of the preceding claim, wherein the first and second Power Measurement Offset parameters are separate
from Power Measurement Offset parameters used for precoder and/or Channel Quality Indicator determination.

7. The method of any preceding claim, wherein applying the first relation between assumed transmitted energy for
data and transmitted energy for the one or more reference signals in the first feedback computation adjusts how
often the first rank becomes the selected rank.

8. The method of any of claims 1-6, wherein applying the first relation between assumed transmitted energy for data
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and transmitted energy for the one or more reference signals in the first feedback computation increases a likelihood
that the first rank becomes the selected rank when the first rank is a lower rank than the at least one second rank.

9. The method of claim 1, wherein the first relation between assumed transmitted energy for data and transmitted
energy for the one or more reference signals is reflected by a first scaling parameter applicable for the first rank and
wherein the second relation between assumed transmitted energy for data and transmitted energy for the one or
more reference signals is reflected by a second scaling parameter applicable for the at least one second rank.

10. The method of the preceding claim, further comprising estimating (320) a measurement channel property based on
the performed measurements; and
wherein the measurement channel property is modified by the first scaling parameter in the first feedback compu-
tation.

11. The method of the preceding claim, wherein the measurement channel property is modified by the second scaling
parameter in the at least one second feedback computation.

12. The method of any of claims 9-11, wherein
the first feedback computation is performed to determine a relative candidate strength of the first rank;
the at least one second feedback computation is performed to determine a relative candidate strength of the at least
one second rank;
the first and second scaling parameters are applied in said first and second feedback computations to modify the
relative candidate strengths of the first and at least one second rank; and
the step of selecting (340) a rank out of the first rank and the at least one second rank is performed based on the
relative candidate strengths determined in the performed first and at least one second feedback computations.

13. A method performed by a sending node (200) for enabling a receiving node (270) to assist the sending node (200)
in performing adaptations of a rank for transmissions to the receiving node (270) over a multiple-input-multiple-
output, MIMO, channel, the rank being one out of a set of different ranks, the set of different ranks comprising a first
rank and at least one second rank, the method comprising:

transmitting (360) one or more reference signals to the receiving node (270); and
receiving (380) a feedback report from the receiving node (270) indicating one of said first and said at least one
second ranks as a selected rank,
the method CHARACTERIZED IN further comprising:

signalling (370) to the receiving node (270) a first relation between assumed transmitted energy for data
and transmitted energy for the one or more reference signals, wherein the first relation is specific to the
first rank and a second relation between assumed transmitted energy for data and transmitted energy for
the one or more reference signals, wherein the second relation is specific to the at least one second rank.

14. The method of claim 13, wherein the sending node (200) uses the selected rank for transmissions to the receiving
node (270).

15. The method of any of claims 13-14, wherein the first relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals is reflected by a first Power Measurement Offset parameter
applicable for the first rank and wherein the second relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals is reflected by a second Power Measurement Offset
parameter applicable for the at least one second rank.

16. The method of the preceding claim, wherein the first and second Power Measurement Offset parameters are separate
from Power Measurement Offset parameters used for precoder and/or Channel Quality Indicator determination.

17. The method of any of claims 13-16, wherein the first relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals is set so that a likelihood that the first rank is reported as
the selected rank by the receiving node (270) is adjusted.

18. The method of any of claims 13-16, wherein the first relation between assumed transmitted energy for data and
transmitted energy for the one or more reference signals is set so that a likelihood that the first rank is reported as



EP 2 628 255 B1

19

5

10

15

20

25

30

35

40

45

50

55

the selected rank by the receiving node (270) is increased when the first rank is a lower rank than the at least one
second rank.

19. A receiving node (270, 400) for assisting a sending node in performing adaptations of a rank for transmissions being
received by the receiving node (270, 400) over a multiple-input-multiple-output, MIMO, channel, the rank being one
out of a set of different ranks, the set of different ranks comprising a first rank and at least one second rank, the
receiving node (270, 400) comprising:

a transceiver (414) adapted to receive one or more reference signals from the sending node (200) and to transmit
a feedback report to the sending node (200);
a processor (402) adapted to:

perform measurements on the one or more reference signals;
perform a first feedback computation for the first rank based on the performed measurements;
perform at least one second feedback computation for the at least one second rank based on the performed
measurements;
select a rank out of the first rank and the at least one second rank based on the performed first and at least
one second feedback computations; and
indicate the selected rank in a feedback report to the sending node (200),
the receiving node (270, 400) CHARACTERIZED IN THAT the processor (402) is further adapted to:

perform said first feedback computation for the first rank including applying a first relation between assumed
transmitted energy for data and transmitted energy for the one or more reference signals, wherein the first
relation is specific to the first rank and wherein a second relation between assumed transmitted energy for data
and transmitted energy for the one or more reference signals is specific to the at least one second rank.

20. A sending node (200, 400) for enabling a receiving node (270) to assist the sending node (200, 400) in performing
adaptations of a rank for transmissions to the receiving node (270) over a multiple-input-multiple-output, MIMO,
channel, the rank being one out of a set of different ranks, the set of different ranks comprising a first rank and at
least one second rank, the sending node (200, 400) comprising a transceiver (414) adapted to:

transmit one or more reference signals to the receiving node (270); and
receive a feedback report from the receiving node (270) indicating one of said first and said at least one second
ranks as a selected rank,
the sending node (200, 400) CHARACTERIZED IN THAT the transceiver (414) is further adapted to:

signal to the receiving node (270) a first relation between assumed transmitted energy for data and trans-
mitted energy for the one or more reference signals, wherein the first relation is specific to the first rank
and a second relation between assumed transmitted energy for data and transmitted energy for the one or
more reference signals, wherein the second relation is specific to the at least one second rank.

Patentansprüche

1. Verfahren, das von einem Empfangsknoten (270) durchgeführt wird, zur Überstützung eines Sendeknotens (200)
beim Durchführen von Anpassungen eines Ranges für Übertragungen, die durch den Empfangsknoten (270) über
einen Mehrfacheingangs-Mehrfachausgangs, MIMO,-Kanal empfangen werden, wobei der Rang einer aus einem
Satz von verschiedenen Rängen ist, der Satz von verschiedenen Rängen einen ersten Rang und mindestens einen
zweiten Rang umfasst, wobei das Verfahren umfasst:

Durchführen (310) von Messungen an einem oder mehreren Referenzsignalen, die vom Sendeknoten (200)
empfangen werden;
Durchführen (330a) einer ersten Rückmeldungsberechnung für den ersten Rang basierend auf den durchge-
führten Messungen;
Durchführen (330b) mindestens einer zweiten Rückmeldungsberechnung für den mindestens einen zweiten
Rang basierend auf den durchgeführten Messungen;
Auswählen (340) eines Ranges aus dem ersten Rang und dem mindestens einen zweiten Rang basierend auf
den durchgeführten ersten und mindestens einen zweiten Rückmeldungsberechnungen; und
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Anzeigen (350) des ausgewählten Ranges in einem Rückmeldungsbericht an den Sendeknoten (270), wobei
das Verfahren dadurch gekennzeichnet ist, dass:

das Durchführen (330a) der ersten Rückmeldungsberechnung für den ersten Rang ein Anwenden einer
ersten Beziehung zwischen angenommener Sendeenergie für Daten und Sendeenergie für das eine oder
die mehreren Referenzsignale umfasst, wobei die erste Beziehung für den ersten Rang spezifisch ist, und
wobei eine zweite Beziehung zwischen angenommener Sendeenergie für Daten und Sendeenergie für das
eine oder die mehreren Referenzsignale für den mindestens einen zweiten Rang spezifisch ist.

2. Verfahren nach dem vorhergehenden Anspruch, wobei das Durchführen (330b) der mindestens einen zweiten
Rückmeldungsberechnung für den mindestens einen zweiten Rang ein Anwenden der zweiten Beziehung zwischen
angenommener Sendeenergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale umfasst.

3. Verfahren nach einem der vorhergehenden Ansprüche, wobei die ersten und zweiten Beziehungen zwischen an-
genommener Sendeenergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale vom
Sendeknoten (200) empfangen werden.

4. Verfahren nach einem der Ansprüche 1 oder 2, wobei die ersten und zweiten Beziehungen zwischen angenommener
Sendeenergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale im Empfangsknoten
(270) vorkonfiguriert werden.

5. Verfahren nach einem der vorhergehenden Ansprüche, wobei die erste Beziehung zwischen angenommener Sen-
deenergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale durch einen ersten Leis-
tungsmessungs-Offsetparameter reflektiert wird, der für den ersten Rang anwendbar ist, und wobei die zweite
Beziehung zwischen angenommener Sendeenergie für Daten und Sendeenergie für das eine oder die mehreren
Referenzsignale durch einen zweiten Leistungsmessungs-Offsetparameter reflektiert wird, der für den mindestens
einen zweiten Rang anwendbar ist.

6. Verfahren nach dem vorhergehenden Anspruch, wobei die ersten und zweiten Leistungsmessungs-Offsetparameter
von Leistungsmessungs-Offsetparametern, die zur Vorcodierer- und/oder Kanalqualitätsindikatorbestimmung ver-
wendet werden, getrennt werden.

7. Verfahren nach einem der vorhergehenden Ansprüche, wobei das Anwenden der ersten Beziehung zwischen an-
genommener Sendeenergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale in der
ersten Rückmeldungsberechnung anpasst, wie oft der erste Rang der ausgewählte Rang wird.

8. Verfahren nach einem der Ansprüche 1 bis 6, wobei das Anwenden der ersten Beziehung zwischen angenommener
Sendeenergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale in der ersten Rückmel-
dungsberechnung eine Wahrscheinlichkeit erhöht, dass der erste Rang der ausgewählte Rang wird, wenn der erste
Rang ein niedrigerer Rang als der mindestens eine zweite Rang ist.

9. Verfahren nach Anspruch 1, wobei die erste Beziehung zwischen angenommener Sendeenergie für Daten und
Sendeenergie für das eine oder die mehreren Referenzsignale durch einen ersten Skalierungsparameter reflektiert
wird, der für den ersten Rang anwendbar ist, und wobei die zweite Beziehung zwischen angenommener Sendee-
nergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale durch einen zweiten Skalie-
rungsparameter reflektiert wird, der für den mindestens einen zweiten Rang anwendbar ist.

10. Verfahren nach dem vorhergehenden Anspruch, ferner umfassend ein Schätzen (320) einer Messkanaleigenschaft
basierend auf den durchgeführten Messungen; und
wobei die Messkanaleigenschaft durch den ersten Skalierungsparameter in der ersten Rückmeldungsberechnung
modifiziert wird.

11. Verfahren nach dem vorhergehenden Anspruch, wobei die Messkanaleigenschaft durch den zweiten Skalierungs-
parameter in der mindestens einen zweiten Rückmeldungsberechnung modifiziert wird.

12. Verfahren nach einem der Ansprüche 9 bis 11, wobei:

die erste Rückmeldungsberechnung durchgeführt wird, um eine relative Kandidatenstärke des ersten Ranges
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zu bestimmen;
die mindestens eine zweite Rückmeldungsberechnung durchgeführt wird, um eine relative Kandidatenstärke
des mindestens einen zweiten Ranges zu bestimmen;
die ersten und zweiten Skalierungsparameter in den ersten und zweiten Rückmeldungsberechnungen ange-
wendet werden, um die relativen Kandidatenstärken des ersten und des mindestens einen zweiten Ranges zu
modifizieren; und
der Schritt des Auswählens (340) eines Ranges aus dem ersten Rang und dem mindestens einen zweiten Rang
basierend auf den relativen Kandidatenstärken ausgeführt wird, die in den durchgeführten ersten und mindes-
tens einen zweiten Rückmeldungsberechnungen bestimmt werden.

13. Verfahren, das von einem Sendeknoten (200) durchgeführt wird, zur Befähigung eines Empfangsknotens (270),
den Sendeknoten (200) beim Durchführen von Anpassungen eines Ranges für Übertragungen an den Empfangs-
knoten (270) über einen Mehrfacheingangs-Mehrfachausgangs, MIMO,-Kanal zu unterstützen, wobei der Rang
einer aus einem Satz von verschiedenen Rängen ist, der Satz von verschiedenen Rängen einen ersten Rang und
mindestens einen zweiten Rang umfasst, wobei das Verfahren umfasst:

Senden (360) eines oder mehrerer Referenzsignale an den Empfangsknoten (270); und
Empfangen (380) eines Rückmeldungsberichts vom Empfangsknoten (270), der einen von den ersten und den
mindestens einen zweiten Rängen als einen ausgewählten Rang anzeigt,
wobei das Verfahren dadurch gekennzeichnet ist, dass es ferner umfasst:

Signalisieren (370) an den Empfangsknoten (270) einer ersten Beziehung zwischen angenommener Sen-
deenergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale, wobei die erste
Beziehung für den ersten Rang spezifisch ist, und einer zweiten Beziehung zwischen angenommener
Sendeenergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale, wobei die
zweite Beziehung für den mindestens einen zweiten Rang spezifisch ist.

14. Verfahren nach Anspruch 13, wobei der Sendeknoten (200) den ausgewählten Rang für Übertragungen an den
Empfangsknoten (270) verwendet.

15. Verfahren nach einem der Ansprüche 13 bis 14, wobei die erste Beziehung zwischen angenommener Sendeenergie
für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale durch einen ersten Leistungsmessungs-
Offsetparameter reflektiert wird, der für den ersten Rang anwendbar ist, und wobei die zweite Beziehung zwischen
angenommener Sendeenergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale durch
einen zweiten Leistungsmessungs-Offsetparameter reflektiert wird, der für den mindestens einen zweiten Rang
anwendbar ist.

16. Verfahren nach dem vorhergehenden Anspruch, wobei die ersten und zweiten Leistungsmessungs-Offsetparameter
von Leistungsmessungs-Offsetparametern, die zur Vorcodierer- und/oder Kanalqualitätsindikatorbestimmung ver-
wendet werden, getrennt werden.

17. Verfahren nach einem der Ansprüche 13 bis 16, wobei die erste Beziehung zwischen angenommener Sendeenergie
für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale so festgelegt wird, dass eine Wahr-
scheinlichkeit, dass der erste Rang als der ausgewählte Rang durch den Empfangsknoten (270) gemeldet wird,
angepasst wird.

18. Verfahren nach einem der Ansprüche 13 bis 16, wobei die erste Beziehung zwischen angenommener Sendeenergie
für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale so festgelegt wird, dass eine Wahr-
scheinlichkeit, dass der erste Rang als der ausgewählte Rang durch den Empfangsknoten (270) gemeldet wird,
erhöht wird, wenn der erste Rang ein niedrigerer Rang als der mindestens eine zweite Rang ist.

19. Empfangsknoten (270) zum Überstützen eines Sendeknotens beim Durchführen von Anpassungen eines Ranges
für Übertragungen, die durch den Empfangsknoten (270, 400) über einen Mehrfacheingangs-Mehrfachausgangs,
MIMO,-Kanal empfangen werden, wobei der Rang einer aus einem Satz von verschiedenen Rängen ist, der Satz
von verschiedenen Rängen einen ersten Rang und mindestens einen zweiten Rang umfasst, wobei der Empfangs-
knoten (270, 400) umfasst:

einen Sendeempfänger (414), der so ausgelegt ist, dass er ein oder mehrere Referenzsignale vom Sendeknoten
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(200) empfängt und einen Rückmeldungsbericht an den Sendeknoten (200) sendet;
einen Prozessor (402), der ausgelegt ist zum:

Durchführen von Messungen an dem einen oder den mehreren Referenzsignalen;
Durchführen einer ersten Rückmeldungsberechnung für den ersten Rang basierend auf den durchgeführten
Messungen;
Durchführen mindestens einer zweiten Rückmeldungsberechnung für den mindestens einen zweiten Rang
basierend auf den durchgeführten Messungen;
Auswählen eines Ranges aus dem ersten Rang und
dem mindestens einen zweiten Rang basierend auf den durchgeführten ersten und mindestens einen
zweiten Rückmeldungsberechnungen; und
Anzeigen des ausgewählten Ranges in einem Rückmeldungsbericht an den Sendeknoten (200),

wobei der Empfangsknoten (270, 400) dadurch gekennzeichnet ist, dass der Prozessor (402) ferner ausgelegt
ist zum:

Durchführen der ersten Rückmeldungsberechnung für den ersten Rang, umfassend ein Anwenden einer
ersten Beziehung zwischen angenommener Sendeenergie für Daten und Sendeenergie für das eine oder
die mehreren Referenzsignale, wobei die erste Beziehung für den ersten Rang spezifisch ist, und wobei
eine zweite Beziehung zwischen angenommener Sendeenergie für Daten und Sendeenergie für das eine
oder die mehreren Referenzsignale für den mindestens einen zweiten Rang spezifisch ist.

20. Sendeknoten (200, 400) zum Befähigen eines Empfangsknotens (270), den Sendeknoten (200, 400) beim Durch-
führen von Anpassungen eines Ranges für Übertragungen an den Empfangsknoten (270) über einen Mehrfachein-
gangs-Mehrfachausgangs, MIMO,-Kanal zu unterstützen, wobei der Rang einer aus einem Satz von verschiedenen
Rängen ist, der Satz von verschiedenen Rängen einen ersten Rang und mindestens einen zweiten Rang umfasst,
wobei der Sendeknoten (200, 400) einen Sendeempfänger (414) umfasst, der ausgelegt ist zum:

Senden eines oder mehrerer Referenzsignale an den Empfangsknoten (270); und
Empfangen eines Rückmeldungsberichts vom Empfangsknoten (270), der einen von den ersten und den min-
destens einen zweiten Rängen als einen ausgewählten Rang anzeigt,
wobei der Sendeknoten (200, 400) dadurch gekennzeichnet ist, dass der Sendeempfänger (414) ferner
ausgelegt ist zum:

Signalisieren an den Empfangsknoten (270) einer ersten Beziehung zwischen angenommener Sendeen-
ergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale, wobei die erste Bezie-
hung für den ersten Rang spezifisch ist, und einer zweiten Beziehung zwischen angenommener Sendee-
nergie für Daten und Sendeenergie für das eine oder die mehreren Referenzsignale, wobei die zweite
Beziehung für den mindestens einen zweiten Rang spezifisch ist.

Revendications

1. Procédé effectué par un noeud de réception (270) pour assister un noeud d’envoi (200) à effectuer des adaptations
d’un rang pour des transmissions étant reçues par le noeud de réception (270) via un canal d’entrées multiples
sorties multiples, MIMO, le rang étant un parmi un ensemble de rangs différents, l’ensemble des rangs différents
comprenant un premier rang et au moins un second rang, le procédé comprenant de :

effectuer (310) des mesures sur un ou plusieurs signaux de référence reçus depuis le noeud d’envoi (200) ;
effectuer (330a) un premier calcul informatique de retour d’information pour le premier rang sur la base des
mesures effectuées ;
effectuer (330b) au moins un second calcul informatique de retour d’information pour au moins un second rang
sur la base des mesures effectuées ;
sélectionner (340) un rang parmi le premier rang et au moins un second rang sur la base du premier calcul
informatique de retour d’information effectué et d’au moins un second calcul informatique de retour d’information ;
et
indiquer (350) le rang sélectionné dans un rapport de retour d’information vers le noeud d’envoi (270),
le procédé étant caractérisé par :
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effectuer (330a) le premier calcul informatique de retour d’information pour le premier rang inclut d’appliquer
une première relation entre une énergie transmise postulée pour les données et une énergie transmise
pour le ou les signaux de référence, dans lequel la première relation est spécifique au premier rang et dans
lequel une second relation entre une énergie transmise postulée pour les données et une énergie transmise
pour le ou les signaux de référence est spécifique à au moins un second rang.

2. Procédé selon la revendication précédente, dans lequel effectuer (330b) au moins un second calcul informatique
de retour d’information pour au moins un second rang inclut d’appliquer la seconde relation entre une énergie
transmise postulée pour les données et une énergie transmise pour le ou les signaux de référence.

3. Procédé selon une quelconque des revendications précédentes, dans lequel la première et la seconde relation
entre une énergie transmise postulée pour les données et une énergie transmise pour le ou les signaux de référence
sont reçues depuis le noeud d’envoi (200).

4. Procédé selon une quelconque des revendications 1 ou 2, dans lequel la première et la seconde relation entre une
énergie transmise postulée pour les données et une énergie transmise pour le ou les signaux de référence sont
préconfigurées dans le noeud de réception (270).

5. Procédé selon une quelconque des revendications précédentes, dans lequel la première relation entre une énergie
transmise postulée pour les données et une énergie transmise pour le ou les signaux de référence est réfléchie par
un premier paramètre de décalage de mesure de puissance applicable au premier rang et dans lequel la seconde
relation entre l’énergie transmise postulée pour les données et l’énergie transmise pour le ou les signaux de référence
est réfléchie par un second paramètre de décalage de mesure de puissance applicable au moins au second rang.

6. Procédé selon la revendication précédente, dans lequel le premier et le second paramètres de décalage de mesure
de puissance sont séparés des paramètres de décalage de mesure de puissance utilisés pour la détermination du
précodeur et/ou de l’indicateur de qualité de canal.

7. Procédé selon une quelconque des revendications précédentes, dans lequel appliquer la première relation entre
l’énergie transmise postulée pour les données et l’énergie transmise pour le ou les signaux de référence dans le
premier calcul informatique de retour d’information ajuste à quelle fréquence le premier rang devient le rang sélec-
tionné.

8. Procédé selon une quelconque des revendications 1-6, dans lequel appliquer la premier relation entre une énergie
transmise postulée pour les données et une énergie transmise pour le ou les signaux de référence dans le premier
calcul informatique de retour d’information augmente une probabilité que le premier rang devient le rang sélectionné
quand le premier rang est dans un rang inférieur à au moins un second rang.

9. Procédé selon la revendication 1, dans lequel la première relation entre une énergie transmise postulée pour les
données et une énergie transmise pour le ou les signaux de référence est réfléchie par un premier paramètre de
mise à l’échelle applicable au premier rang et dans lequel la seconde relation entre une énergie transmise postulée
pour les données et une énergie transmise pour le ou les signaux de référence est réfléchie par un second paramètre
de mise à l’échelle applicable au moins à un second rang.

10. Procédé selon la revendication précédente, comprenant en outre d’estimer (320) une propriété de canal de mesure
sur la base des mesures effectuées ; et
dans lequel la propriété de canal de mesure est modifiée par le premier paramètre de mise à l’échelle dans le
premier calcul informatique de retour d’information.

11. Procédé selon la revendication précédente, dans lequel la propriété de canal de mesure est modifiée par le second
paramètre de mise à l’échelle dans au moins un second calcul informatique de retour d’information.

12. Procédé selon une quelconque des revendications 9-11, dans lequel :

le premier calcul informatique de retour d’information est effectué afin de déterminer une intensité candidate
relative du premier rang ;
au moins un second calcul informatique de retour d’information est effectué pour déterminer une intensité
candidate relative d’au moins un second rang ;
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le premier et le second paramètres de mise à l’échelle sont appliqués dans le premier et second calcul infor-
matique de retour d’information pour modifier les intensités candidates relatives du premier et d’au moins un
second rang ; et
l’étape de sélection (340) d’un rang parmi le premier rang et au moins un second rang est effectué sur la base
des intensités candidates relatives déterminées ans le premier et au moins un second calcul informatique de
retour d’information effectué.

13. Procédé effectué par un noeud d’envoi (200) pour permettre à un noeud de réception (270) d’assister le noeud
d’envoi (200) à effectuer des adaptations d’un rang pour des transmissions vers le noeud récepteur (270) via un
canal d’entrées multiples et sorties multiples, MIMO, le rang étant un d’un ensemble de rangs différents, l’ensemble
de rangs différents comprenant un premier rang et au moins un second rang, le procédé comprenant de :

transmettre (360) un ou des signaux de référence au noeud de réception(270) ; et
recevoir (380) un rapport de retour d’information depuis le noeud de réception (270) indiquant un dudit premier
et dudit au moins un second rang comme un rang sélectionné ;
le procédé étant caractérisé en ce qu’il comprend en outre de :

signaler (370) au noeud de réception (270) une première relation entre une énergie transmise postulée
pour les données et une énergie transmise pour le ou les signaux de référence, dans lequel la première
relation est spécifique au premier rang et une seconde relation entre une énergie transmise postulée pour
les données et une énergie transmise pour le ou les signaux de référence, dans lequel la seconde relation
est spécifique à au moins un second rang.

14. Procédé selon la revendication 13, dans lequel le noeud d’envoi (200) utilise le rang sélectionné pour les transmis-
sions vers le noeud de réception (270).

15. Procédé selon une quelconque des revendications 13-14, dans lequel la première relation entre une énergie trans-
mise postulée pour les données et une énergie transmise pour le ou les signaux de référence est réfléchie par un
premier paramètre de décalage de mesure de puissance applicable au premier rang et dans lequel la seconde
relation entre l’énergie transmise postulée pour les données et l’énergie transmise pour le ou les signaux de référence
est réfléchie par un second paramètre de décalage de mesure de puissance applicable au moins au second rang.

16. Procédé selon la revendication précédente, dans lequel le premier et le second paramètres de décalage de mesure
de puissance sont séparés des paramètres de décalage de mesure de puissance utilisés pour la détermination du
précodeur et/ou de l’indicateur de qualité de canal.

17. Procédé selon une quelconque des revendications 13-16, dans lequel la première relation entre une énergie trans-
mise postulée pour les données et une énergie transmise pour le ou les signaux de référence est réglée de telle
sorte qu’une probabilité que le premier rang soit rapporté comme le rang sélectionné par le noeud de réception
(270) soit ajustée.

18. Procédé selon une quelconque des revendications 13-16, dans lequel la premier relation entre une énergie transmise
postulée pour les données et une énergie transmise pour le ou les signaux de référence est réglée de telle sorte
qu’une probabilité que le premier rang soit rapporté comme le rang sélectionné par le noeud de réception (270) soit
augmentée quand le premier rang est un rang inférieur à au moins un second rang.

19. Noeud de réception (270, 400) pour assister un noeud d’envoi pour effectuer des adaptations d’un rang pour des
transmissions étant reçues par le noeud de réception (270, 400) via un canal d’entrées multiples, sorties multiples,
MIMO, le rang étant un parmi un ensemble de rangs différents, l’ensemble de rangs différents comprenant un
premier rang et au moins un second rang, le noeud de réception (270, 400) comprenant :

un émetteur/récepteur (414) adapté pour recevoir un ou des signaux de référence provenant du noeud d’envoi
(200) et transmettre un rapport de retour d’information au noeud d’envoi (200) ;
un processeur (402) adapté pour :

effectuer des mesures sur le ou les signaux de référence ;
effectuer un premier calcul informatique de retour d’information pour le premier rang sur la base des mesures
effectuées ;
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effectuer au moins un second calcul informatique de retour d’information pour au moins un second rang
sur la base des mesures effectuées ;
sélectionner un rang parmi le premier rang et au moins un second rang sur la base du premier et
d’au moins un second calcul informatique de retour d’information effectués ; et
indiquer le rang sélectionné dans un rapport de retour d’information vers le noeud d’envoi (200),

le noeud de réception (270, 400) étant caractérisé en ce que le processeur (402) est en outre adapté pour :

effectuer ledit premier calcul informatique de retour d’information pour le premier rang inclut d’appliquer
une première relation entre une énergie transmise postulée pour les données et une énergie transmise
pour le ou les signaux de référence, dans lequel la première relation est spécifique au premier rang et dans
lequel une second relation entre une énergie transmise postulée pour les données et une énergie transmise
pour le ou les signaux de référence est spécifique à au moins un second rang.

20. Noeud d’envoi (200, 400) pour permettre à un noeud de réception (270) d’assister le noeud d’envoi (200, 400) à
effectuer des adaptations d’un rang pour des transmissions étant reçues par le noeud de réception (270) via un
canal d’entrées multiples, sorties multiples, MIMO, le rang étant un parmi un ensemble de rangs différents, l’ensemble
de rangs différents comprenant un premier rang et au moins un second rang, le noeud d’envoi (200, 400) comprenant
un émetteur/récepteur (414) adapté pour :

transmettre un ou des signaux de référence au noeud de réception (270) ; et
recevoir un rapport de retour d’information provenant du noeud de réception (270) indiquant un dudit premier
et d’au moins un second rang comme un rang sélectionné,
le noeud d’envoi (200, 400) étant caractérisé en ce que l’émetteur/récepteur (414) est en outre adapté pour :

signaler au noeud de réception (270) une première relation entre une énergie transmise postulée pour les
données et une énergie transmise pour le ou les signaux de référence, dans lequel la première relation est
spécifique au premier rang et une seconde relation entre une énergie transmise postulée pour les données
et une énergie transmise pour le ou les signaux de référence, dans lequel la seconde relation est spécifique
à au moins un second rang.
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