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radio propagation channel compensated by a function
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METHOD FOR TRANSMISSION IN A WIRELESS COMMUNICATION SYSTEM

Technical Field

The present invention relates to a method for transmission in a wireless communication
system. Furthermore, the invention also relates to a method in a receive node, a method in a
transmit node, a computer program, a computer program product, a receive node device, a

transmit node device, and a wireless communication system comprising such devices.

Background of the Invention

Fig. 1 shows a block diagram related to downlink (DL) transmission using linear precoding in
3GPP Long Term Evolution (LTE) Rel. 8/9/10 communication system using several transmit
antenna ports. The antenna ports in Fig. 1 are baseband inputs into corresponding separate
antenna systems. An antenna system consists of an RF chain connected to one or multiple
antenna elements that together produce a desired electro-magnetic radiation pattern. If there is
more than one transmit antenna port and more than one receive antenna port, the transmission
is usually classified as Multiple Input Multiple Output (MIMO) transmission. The
corresponding radio propagation paths between each transmit antenna port and each receive
antenna port jointly define a propagation channel, and if there are more than one transmit
antenna port and more than one receive antenna port, the propagation channel is called a

MIMO propagation channel.

A wireless communication system deploying several transmit antenna ports as shown in Fig. 1
comprises also other important transmit elements such as transmit linear precoders, etc. The
purpose of transmit linear precoding is to match the instantaneous MIMO channel realizations,
i.e. the instantaneous propagation attenuation coefficients between each transmit and each
receive antenna port. After the corresponding receive linear precoding all the signals received
from all transmit antenna ports at all receive antenna ports are coherently combined in an
optimum way, so as to maximise the received information throughput. Examples of various

linear precoding schemes can be found in IEEE 802.16-2005 and LTE Rel. 8/9/10 standards.

Further, depending on the availability of the MIMO channel information available at the
transmitter, the communication system can be classified as employing closed-loop or open-

loop precoding.
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In order to perform closed loop precoding on the downlink, the receiver in the User
Equipment (UE) has to estimate the corresponding downlink channel and report the estimated
channel information to the eNB. In order to reduce the overhead of directly reporting
quantized estimated channel, a set of codebooks consisting of a number of precoding matrices
roughly representing the true channel is defined. The UE uses the knowledge of the estimated
channel for selecting an appropriate precoder from the set of predefined codebooks, where
each codebook corresponds to a different transmission rank, i.c. the number of strings or
vectors to be transmitted on different antenna ports. The selection of the most appropriate
precoder is done by calculating an estimated Channel Quality Information (CQI) for each
defined precoding matrix in all codebooks. The index of the precoder producing the best CQI,
usually denoted as the Precoding Matrix Indicator (PMI), is transmitted to the eNB along with
the rank of the codebook to which the PMI belongs. The rank, the PMI and the CQI are
usually jointly denoted as Channel State Information (CSI).

The CSIs from different active UEs are used in the eNB to select the most appropriate UE or
UEs to be served (scheduled) in the first next available transmission time interval. Besides,
the CSI serves at eNB as a reference to determine the optimum transmission and precoding

parameters to the UEs chosen to be served.

For example, the LTE Rel.8 standard uses four codebooks, which in total contain 64 matrices
for up to 4 transmit antenna ports, and different ranks between 1 and 4. Therefore, an UE can
feedback the appropriate precoder to represent the estimated DL channel using only 6
information bits instead of large number of channel quantization bits. Codebooks are designed
and optimized for certain channel antenna system configurations and consequently certain
propagation environments. For example the codebooks of LTE Rel.8 are designed assuming
co-located transmit antenna ports. Co-located transmit antenna ports produce power-balanced

propagation paths from different antenna ports towards receive antenna ports of an UE.

Another linear precoding scheme is called open loop precoding, i.e. channel-independent
precoding. The major difference between closed loop and open loop scheme is that in the

open loop scheme the used precoding matrices are predefined and there is no precoding
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matrix selection. As both eNB and UE know the predefined precoding matrices, the UE only
feeds back CQI and selected rank to the eNB.

Moreover, the communication system may support various Reference Signals (RS) in the
downlink to facilitate channel estimation, coherent demodulation and computation of CSI
feedback. A reference signal is a signal generated using the modulation (information) symbols
known in advance at the receiver. For LTE Rel. 8/9/10 downlink there is different types of
reference signals:

- CSI reference signals (CSI-RSs), which are exclusively used for measurement
purpose including downlink channel estimation and computing CSI feedback of
desired UE. The CSI-RSs are UE-specific;

- Demodulation (DM) reference signals (DM-RSs), which are sent to a specified
scheduled UE and used for demodulation of a downlink transmission from the eNB.
The DM-RSs are UE-specific;

- Common reference signals (C-RSs), which are used for both measurement and data

demodulation. The C-RSs are cell-specific.

Common reference signals are mainly used for Rel. 8/9 systems. For Rel. 10 systems
separated reference signals for demodulation and measurement, i.e. DM-RS and CSI-RS have
been introduced. As aforementioned, DM-RS and CSI-RS reference signals are user-specific
.e. they correspond to transmission related to one specific user, e.g. one UE, and can
therefore be classified as user information. Data transmission can also be considered as user

information as it is specific to one particular user.

In practice, antenna ports might be located apart form each other in a site for different reasons
fulfilling for example different type of deployments creating so called geographically
separated or distributed antennas. A distributed antenna system for indoor use is a classical
example of a scenario where cell coverage over an area is typically ensured by deploying
many antennas at different locations. One example of deployment of geographically separated

antennas is to locate them in an interleaved manner, as shown in Fig.2.

Another example of geographically separated antenna ports may be found in Coordinated

Multipoint Transmission (CoMP) transmission systems. One example of such systems is
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when a base station radio frequency part is implemented as multitude of geographically
separated Radio Resource Units (RRUs) connected to a common and possibly geographically

separated base-band processing unit.

LTE MIMO systems and related codebooks enabling spatial multiplexing were designed
basically based on co-located transmit antenna port configurations, or on the assumption that
there is no average power mismatch between the propagation paths. For such a scenario where
receive antenna ports are well-balanced in terms of the received power, considerable MIMO
gain can be expected related to the usage of corresponding precoders and consequently a

satisfactory throughput.

However, in the case of geographically separated transmit antenna port deployments, the
receive antenna ports close to one of the transmit antenna ports and far from others, undergoes

a very large difference of the received signal powers from different transmit antenna ports.

It has been shown that the received power imbalance of the signals transmitted over a MIMO
channel results in reduced rank, i.e. the number of orthogonal propagation paths of the MIMO
channel observed at the receiver. Thus rank 1 (or generally a low rank) reporting and
transmission will be more likely in that case, which will reduce the throughput compared to
the co-located antenna scheme even if the received signal power close to one antenna is

considerably high.

In the following it is shown how this imbalance affects the system. The percentage of
throughput loss related to power imbalance at received antenna ports has been simulated and
is shown in Fig. 3. In this simulations with two transmit antenna ports and two receive
antenna ports, a power attenuation of 10 dB was applied at the transmitter side over the
second transmit antenna port. Throughput losses related to this imbalance is plotted in this
figure. There is a considerable throughput loss up to 48 % due to this mismatch even for very

high values of Signal to Noise Ratio (SNR).

There is a theoretical value called Condition Number (CN) which is strictly related to the

channel capacity and consequently throughput which is defined as the imbalance between the
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eigenvalues of HH"” where H denotes the propagation channel matrix and ()H denotes
transpose conjugate of that matrix. In other terms:
ﬂ’max
CN =10xlog,,| — |,
ﬂ’min
where A, and A are the maximum and the minimum eigenvalue of the matrix HH" ,

respectively. In order to exploit the potential of spatial multiplexing mode using precoders,
condition number values should not be too high (e.g. more than 15 dB) in practice. High
values of condition numbers stand for rank-deficient, i.c. not full rank, channel matrices. In

addition to condition number, SNR is also of crucial importance to achieve good throughput.

A precise characterisation of a propagation channel is obtained as the number of significant
eigenvalues of the propagation channel. The distribution probability related to the number of

significant eigenvalues of a 2x2 Typical Urban (TU) channel is plotted in Fig. 4.

In practice, reported rank from the UE is not measured using singular value decomposition,
but instead using expected maximum achievable throughput considering the corresponding
precoder. Reported rank from the UE is shown in Fig. 5, in the case when there is no received
power (Rx) imbalance, and in Fig. 6 in the case when there is Rx power imbalance

correspondingly.

From mentioned figures it may be concluded that rank 1 is reported almost all the time when
there is an antenna gain imbalance of 10 dB even for very high values of SNR, see Fig. 6. As
rank 1 is selected most of the time, throughput is seriously affected comparing to the case

where there is no power imbalance and where rank 2 is reported all the time.

In a real-life deployment there are several types of imperfections which can results in
mismatches associated with antenna arrays creating non-balanced propagation conditions,
such as mismatches due to the physical antenna system structure (i.e. spacing) or mismatches
due to the hardware elements used in the transmit/receive chains for each antenna port.
Another type of mismatch consists of mismatches created as an effect due to hand gripping of
mobile terminals. Hence, a mismatch leads to a power imbalance seriously effecting

throughput of the communication system.
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A prior art solution uses calibration techniques in the system with Time Division Duplexing
(TDD) (US2009093222, Sandip Sarkar, “Calibration and beamforming in a wireless
communication system”). The objective of calibration is to find a set of beamforming weights
used to multiply base-band signals fed to the transmission antenna ports that can account for
differences in transfer characteristics of uplink and downlink RF receivers, so that the overall
uplink and downlink propagation channels appear the same in the base-band. For example, in
one design, an UE may feedback the known Rx power imbalance to the NodeB. The NodeB
may then take into account the known Rx power imbalance at the UE when generating the
precoding matrix to perform calibration and beamforming. However, this prior art solution
has the drawback that it can not provide reasonable throughput in Frequency Division

Duplexing (FDD).

Therefore, there is a need in the art for an improved method which mitigates and/or solves the

disadvantageous with prior art.

Summary of the Invention

The object of the present invention is to provide a method which mitigates and/or solves the
disadvantages of prior art solutions, and more specifically to a method which provides
increased throughput and/or capacity when signal power imbalance is present at receive

antenna port(s) in multiple antenna port wireless communication systems.

Another object of the present invention is to provide an alternative method for transmission in

a wireless communication system.

According to an aspect of the invention the objects are achieved with a for transmission in a
wireless communication system, said wireless communication system comprising at least one
transmit node having at least two transmit antenna ports, and at least one receive node having
at least one receive antenna port; wherein transmission of user information between said at
least two transmit antenna ports and said at least one receive antenna port being performed on
a radio propagation channel; said method comprising the steps of:

- estimating a signal power imbalance between said at least two transmit antenna ports;
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- computing a reconstructed channel state information (R-CSI) for a reconstructed radio
propagation channel, said reconstructed radio propagation channel being obtained as an
estimated radio propagation channel compensated by a function of said estimated signal
power imbalance;

- sending an indicative of said estimated signal power imbalance and said reconstructed
channel state information (R-CSI) to said at least one transmit node; and

- transmitting user information from said at least two transmit antenna ports to said at least
one receive antenna port using said estimated signal power imbalance and said reconstructed

channel state information (R-CSI).

Different embodiments of the method in a wireless communication system are disclosed in the

dependent claims.

According to another aspect of the invention the objects are achieved with a method in a
receive node adapted for communication in a wireless communication system, said receive
node having at least one receive antenna port being adapted for receiving user information
from a transmit node having at least two transmit antenna ports for transmission of user
information, wherein transmission of user information between said at least two transmit
antenna ports and said at least one receive antenna port being performed on a radio
propagation channel; said method comprising the steps of:

- estimating a signal power imbalance between said at least two transmit antenna ports;

- computing a reconstructed channel state information (R-CSI) for a reconstructed radio
propagation channel, said reconstructed radio propagation channel being obtained as an
estimated radio propagation channel compensated by a function of said estimated signal
power imbalance; and

- sending an indicative of said estimated signal power imbalance and said reconstructed

channel state information (R-CSI) to said at least one transmit node.

According to yet another aspect of the invention the objects are achieved with a method in a
transmit node adapted for communication in a wireless communication system, said transmit
node having at least two transmit antenna ports being adapted for transmitting user
information to a receive node having at least one receive antenna port for receiving user

information, wherein transmission of user information between said at least two transmit
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antenna ports and said at least one receive antenna port being performed on a radio
propagation channel; said method comprising the steps of:

- receiving an indicative of said estimated signal power imbalance between said at least two
transmit antenna ports and a reconstructed channel state information (R-CSI) for a
reconstructed radio propagation channel from said receive node, said reconstructed radio
propagation channel being obtained as an estimated radio propagation channel compensated
by a function of said estimated signal power imbalance, and

- using said estimated signal power and said reconstructed channel state information (R-CSI)
for transmission of user information from said at least two transmit antenna ports to said at

least one receive antenna port.

The invention further relates to a computer program and a computer program product
corresponding to the above mentioned methods, and to corresponding transmit node and

receive node devices.

With the use of a transmission method according to the invention in a wireless
communication system the equivalent propagation channel measured at the receiver node
becomes balanced which guarantees an improved capacity over an un-balanced propagation
channel. Improved channel capacity results in increased system throughput compared to the

non-balanced propagation channel.

The present invention guarantees a satisfactory MIMO gain and increased throughput in all
the cases with antenna deployments or propagation conditions that create non-balanced

received signal power at the receive antenna port(s).
Furthermore, the present invention may also be used in wireless communication systems
employing FDD as an effective way for mitigating non-balanced received signal power at the

receive antenna port(s).

Other advantages and applications of the present invention will be apparent from the

following disclosure.

Brief Description of the Drawings
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The appended drawings are intended to clarify and explain different embodiments of the

present invention in which:

Figure 1 shows an overview of downlink physical channel processing in LTE;

Figure 2 shows an example of geographically separated antenna ports, wherein the
different antenna ports are deployed in an interleaved manner;

Figure 3 shows a graph of percentage of throughput loss related to power imbalance of
10 dB on received antenna ports;

Figure 4 shows number of significant eigenvalues when there is no receive antenna
port power imbalance;

Figure 5 shows rank distribution when there is no receive antenna port power
imbalance;

Figure 6 shows rank distribution with a receive antenna port power imbalance of 10
dB;

Figure 7 shows a flow chart of UE behaviour according to an embodiment of the
invention;

Figure 8 shows a flow chart of eNB behaviour according to an embodiment of the
invention;

Figure 9 shows normalized throughput related to power imbalance on received
antenna ports and the correction made to compensate power imbalance, where power
adjustment over CSI-RS and DM-RS and data are considered to be equal; and

Figure 10 shows the normalized throughput related to power imbalance on received
antenna ports and the correction made to compensate power imbalance, where it is
assumed that power imbalance over DM-RS and data is completely adjusted but

power imbalance for CSI is only partially adjusted.

Detailed Description of the Invention

The equivalent propagation channel seen at the receiver for a mxn MIMO system, in the

case of antenna imbalance can be written as follows:

By by ok, 1 0 0 0

n

i _h21h22"'h2n 0\/0‘—1O 0
Tl 00 .0

hml hmZ t hmn 0 0 0 V an—l

(1).
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It means that the equivalent propagation MIMO channel can be decomposed into the product
of two matrices, one modelling fading coefficients and the other one modelling the
propagation loss or received signal power imbalance. It is important to mention that this

equivalent channel is seen at the receiver for both demodulation and measurement.

In the above equation, «,,---,, , denote signal power imbalance associated to each transmit

antenna port and computed compared to a predetermined reference transmit antenna port (the
first antenna port in this equation). This value is measured at each received antenna port
separately. As it is shown in equation (1) the estimated channel is modified by (a function)
square root of the signal power imbalance, ie. signal gain imbalance. The signal gain
imbalance affects the channel coefficients resulting in a signal power imbalance which is
measured in practice at the receive node. The signal gain imbalance can be stated as the

square root of measured power imbalance as shown in equation (1). Furthermore, /; denotes

radio propagation channel coefficient between receive antenna port i and transmit antenna
port j, m denotes the number of receive antenna ports, and 7 denotes the number of transmit

antenna ports, respectively in equation (1).

The idea is to compensate this attenuation on one transmit antenna port in a way that overall
equivalent propagation path seen at the receiver becomes balanced. When attenuation is
compensated, the equivalent channel seen at the receiver will be the same as the initial

channel without imbalance i.e.:

1 0 0 0
[ I L L )
s I e 00 0
0 0 0 Ja,,

Aforementioned compensation must be considered over measurement and data transmission
separately to achieve desired performance as both CSI computation and data demodulation

are affected by this imbalance.
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Equation (1) describes the case where signal power imbalance is computed compared to a

predefined transmit antenna port. In a general case signal power imbalance can be computed

over each transmit antenna. In this case related equations are the followings:

My hy o by e, 00 0

By hy o by | 0 o, 00
' R 0 0o . 0

v B 00 0 Ja,,

With ¢, --,a, being signal power imbalance associated to each transmit antenna port. This

H, =

3).

h, h

ml

value is measure at each receive antenna port separately. The equivalent channel seen at the

receiver after compensation is:

-1
Ja, 0 0 0
, 0 a, 0 0
H,=H_,x ! 4
A 0 0 @
0 0 0 .Ja

n-1

Therefore, to achieve the aforementioned objects, the present invention relates to a method for
transmission in a wireless communication system. The method involves estimating a signal
power imbalance between transmit antenna ports of a transmit node and receive antenna
port(s) of a receive node. Thereafter, reconstructed channel state information (R-CSI) for a
reconstructed radio propagation channel is computed, where the reconstructed radio
propagation channel is obtained as a radio propagation channel compensated by a function of

the estimated signal power imbalance.

The estimated signal power imbalance and the R-CSI is sent to the transmit node as an
indicative; and user information is sent from said the antenna ports of the transmit node to the
receive antenna port(s) with the use of the estimated signal power imbalance and the R-CSI.
In the following disclosure details for different steps of this procedure will be described and

explained.

Estimation of received power imbalance
There are two alternative definitions for power imbalance according to two different

embodiments of the invention.
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1) According to the first definition, the power imbalance is measured received power,
associated to each transmit antenna port, measured at the receive antenna port(s), separately.

The imbalance is measured at the receiver and each receive antenna port has different

attenuation «,. The equation is given by:

hy  hy o by | 0 0 0

h h - h 0 0 0
e . where

0 0 . 0

hml hmZ hmn O O O Van—l

This means that one attenuation value is measured at the receiver, i.e. one imbalance value,

corresponding to each of the transmit antenna ports.

2) According to the second definition of power imbalance one reference transmit antenna port
is considered and other attenuations are compared to this reference transmit antenna port. So,
according to this definition power imbalance is a ratio of a received signal power associated
with a predetermined reference transmit antenna port to a received signal power, associated
with the remaining transmit antenna ports of the transmit node, measured at the receive
antenna port(s). Hence, the power is normalized compared to the reference transmit antenna

port. The equation is given by:

-1

1 0 0 O
, 0o, 0 0
H, =H, x 00 - 0 where
0 0 0ye,,
hy hy-h, |1 0 0 0
h21 hzz "'h2n 0\/0‘—1 0 0
He/f: . . . . . .
o o o0 -0

hml hmZ hmn 0 0 0 Van—l

and the predetermined transmit antenna port may e.g. be transmit antenna port 1 or any other
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of the transmit ports of the transmit node.

The received power imbalance is the result of a specific transmit antenna port configuration in
a base station or in a set of base stations in the downlink example. Thus such base stations can
anticipate the possible received power imbalance at some UEs, in which case the base stations
can signal so as to trigger the UE to start measuring the received power imbalance. It would
practically mean that both the UE and the base station will enter a new, specific mode of

operation.

Alternatively, the UE can perform the measurements all the time, i.e. without a specific
triggering procedure from the base station, of the received power imbalance and report it to
the base station through signalling, and the base station can undertake actions in accordance
with the value of the received power imbalance at the UE. This alternative embodiment
reduces signalling from the base station, but on the other hand increases the power
consumption of the UE by performing the received power imbalance measurements even in
situations where such imbalance is clearly not probable. When signalling is needed it can be
done dynamically or semi-statically. Dynamic signalling may be performed via control
channels such as the Physical Downlink Control Channel (PDCCH). This type of signalling is
useful when power imbalance needs to be measured frequently, e.g. when the UE is moving
fast and consequently signal power imbalance is changing often. This type of signalling may
however result in a considerable overhead. Semi-static signalling may be performed using
Radio Resource Control (RRC). This type of signalling is useful when frequent channel
measurement is not needed, e.g. when the UE is moving slowly and signal power imbalance is
changing slowly. Anyhow, the downlink reference signals such as CSI-RS and CRS can be

used to obtain the Rx power imbalance (&, with 0 <i <n—1 where n denotes the number of

transmit antenna ports) in the UE.

Computation of the reconstructed CSI (R-CSI)

CSI can be reconstructed and reported directly as if there was no imbalance in the

transmission. This can be done by computing equivalent compensated channel 77 eﬁ, directly in

the UE. The H eﬁ, channel model does not suffer from the Rx power imbalance and

consequently the computed CSI based on this equivalent channel will represent the R-CSI for
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a balanced system. This reconstruction is possible as the receive node has the knowledge of

H, and a, with 1<i<n—1separately, where n denotes the number of transmit antenna

ports.

If power imbalance detected in the receive node is already compensated by power adjustments

in the transmitter side the reconstructed value of CSI computed based on H , and CSI value

based on /1 eﬁ, will be very close or almost the same if there is no any other mismatch in the

system.

This means that for the first iteration of the present method a big difference between R-CSI

[

value computed over H , and non reconstructed value computed over H , can be expected,

while for further iterations as transmission power over the reference signals are adjusted, this
difference become smaller or negligible. This means that the R-CSI might be equal to the non
R-CSI. A first iteration of this method may be seen as when signal power imbalance is
measured for the first time. This measurement is repeated further while adjusting the power

imbalance in the system so as to compensate for the imbalance.

As mentioned, the computation of R-CSI is based on computation of the most appropriate

precoder for the estimated channel /H eﬁ, which guarantees the maximum CQI and

consequently the best throughput.

In the case of closed-loop precoding the value of R-CSI includes reconstructed rank,

reconstructed PMI and reconstructed CQI (R-CQI).

In the case of open-loop precoding the value of R-CSI includes only reconstructed value of

rank and reconstructed value of CQI (R-CQI).

Feedback of the R-CSI value and power imbalance to the transmit node
The R-CSI value and power imbalance are feedback (sent) to the transmit node to be used for
the transmission procedure. The R-CSI value and power imbalance value may preferably be

sent as quantised parameter(s) as an indicative corresponding to the feedback. Quantizing
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these parameters permit to report the value in a reduced number of bits. The current CSI is
already quantized and as long as the current CSI is replaced with R-CSI, the same
quantization procedure can be reused which means that no new procedures has to be
introduced. Indicative of signal power imbalance related to several antennas may also be

quantized as well.

The feedback indicating the Rx power imbalance can be performed using dynamic or semi-
static signaling. Dynamic signalling may be performed using uplink control channels such as
Physical Uplink Control Channel (PUCCH) and Physical Uplink Shared Channel (PUSCH).
PUSCH is sent aperiodically while PUCCH is sent periodically over the uplink propagation
channel. For periodic or aperiodic dynamic signalling there is a trade off between signalling
overhead and the need for sending new feedback information. For example, for a UE moving
fast power imbalance need to be signalled more often which means that dynamic signalling is
more appropriate in this case. Semi-static signalling is on the other hand performed by RRC.
This type of signalling has less overhead compared to dynamic signalling and is suitable when
there is no need for frequent feedback of power imbalance to the eNB. The straightforward
example of such an application is the case when the UE is not moving fast so that the

propagation channel remains fairly constant.

The feedback content can be the ratio of the received signal power corresponding to a
reference, pre-determined transmit antenna port to a received signal power corresponding to
the observed transmit antenna port measured over ecach receive antenna port. Observed
transmit antenna port here denotes any remaining transmit antenna port excluding the
reference antenna port. Alternatively, the feedback may contain received signal power

associated to each of the transmit antenna ports measured at the receive node.

Therefore, aforementioned feedback content which defines the estimated received signal

power imbalance can be expressed as following corresponding to the above definitions.

The first definition can be written as:
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100 0
0c, 0 0
00°. 0
000a,,

Where «,,--+,«, , denote signal power imbalance associated to each transmit antenna port

and computed compared to a predetermined reference transmit antenna port (first antenna port
in this equation). These values are fed back to the transmit node. This signal power imbalance
corresponds to the relationship mentioned in equation 1 and 2. It is assumed that there are n

transmit antennas in the system.

The second definition can be written as;

a, 00 0
0a 0 0
00" 0
000a,,

Where ¢, --,«,  denote received signal power imbalance associated with each transmit

antenna port measured at each receive antenna port separately. These values are fed back to
the transmit node. This signal power imbalance corresponds to the relationship mentioned in

equation 3 and 4.

In other words, reported Reference Signal Received Power (RSRP) of each transmit antenna
port can be used in the base station to calculate Rx power imbalance at the UE, while R-CSI

value may be sent using existing mechanism normally used for CSI reporting.

Determination of the precoding matrix for user specific signal transmission

Based on received R-CSI information the transmit node selects the appropriate precoding
matrix for transmission. This transmission could be transmission of data or reference signals.
Precoder selection related to this UE-specific signal transmission could be related to reference
signals used for data transmission (DM-RS) or reference signals used for measurement (CSI-
RS). This means that the precoder selection based on R-CSI can be performed over reference
signals used for measurement and demodulation since both of theses types of signals are

precoded.
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User specific signal transmission taking into account power adjustment

The transmission power relative to transmit antenna ports is adjusted based on the power
imbalance feedback received from the receive node. The transmission power may be adjusted
both over transmitted data and reference signals. The compensation of power imbalance can
be performed by increasing the power of attenuated transmit antenna port or decreasing the

power of the strongest transmit antenna port.

In the downlink case of a LTE (i.e. Rel. 10), UE specific signal transmission could be related
to reference signals used for data transmission (DM-RS) or reference signals used for
measurement (CSI-RS). It is important to note that when the system is using UE-specific
reference signals, i.e. CSI-RS for measurement and DM-RS for demodulation as in LTE (Rel.
10), power adjustment for measurement and demodulation can be performed independently
over reference signals. This leaves the freedom of choosing the appropriate power adjustment

on reference signals for data demodulation for a specific UE.

Assuming Cell-specific reference signals, i.e. CRSs, are used for both data demodulation and
measurement as in LTE (Rel. 8/9), and as CRSs are cell-specific and concern all the users in a
cell one can not adjust the transmission power of reference signals used for demodulation. In
this case it is possible to adjust the power of scheduled data symbols dedicated to a desired
user to take into account the power imbalance. However, in this case it is expected that the
demodulation performance is deteriorated as the channel will be poorly estimated due to the

usage of cell-specific reference signals.

In practice there might be some cases where the power imbalance can not be completely
compensated. For example, if the transmit node does not dispose the power amplifiers with
large back-off it can not totally compensate the power imbalance and power imbalance might
be adjusted partially. Another example is the case when a mobile terminal is constantly
moving creating a residual power imbalance which is not compensated. Any other mismatch

in the communication system might result in partial power imbalance compensation.

If the transmission power is adjusted partially over UE-specific reference signals, there will

be a mismatch between reconstructed CSI report which is computed assuming total power
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compensation and adjusted power for transmission which corresponds to the partial power

compensation. This mismatch can be avoided in different manners.

One alternative is that when partial power compensation happens, the eNB sends signaling
information to the UE indicative of the value of compensated power imbalance. Hence, the
UE can reconstruct and compute the CSI which matches to this power imbalance immediately

in the next iteration step.

Even if the reconstructed CSI report is not immediately corrected, the partial power
adjustment can be measured in the UE after some iteration steps during measurement
procedure. Therefore, after a number of iterations one can expect to obtain a R-CSI report

which matches more or less with the partial power imbalance.

If there is any residual power imbalance in the system due to the hardware implementation
then it can be neglected after a few iterations, because a small power imbalance will not affect
the system throughput considerably. Further, partial power imbalance correction, noise
enhancement related to channel estimation at the UE or other mismatches results in some
errors on CSI reconstruction which might affect the final system performance. But the

correction principle remains valid and is supposed to provide some gain.

Any kind of mismatch in receiver or transmitter which creates power imbalance at the
receiver antenna ports can be considered to be resolved by this solution including mismatches
due to the physical antenna system structure, hardware elements (i.e. Automatic Gain Control

(AGC)) or mismatches related to hand-gripping of the terminal.

Exemplary implementation of the invention in an UE and in a base station

Figure 7 shows a flowchart describing an embodiment of the present method in a receive node,
such as an UE. In this case the transmission is downlink transmission. However, it should be
noted that the invention is not limited to the downlink case but applies as long as the transmit
node has at least two transmit antenna ports and the receive node has at least one receive

antenna port.
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In the first step, a signal power imbalance for transmit antenna ports belonging to a transmit
node (in this case a base station) is estimated at the UE. Thereafter R-CSI is computed, and
the R-CSI and the signal power imbalance is sent to the transmit node as an indicative. Finally,
precoded user information dedicated for the UE is received by the UE, where the precoded

user information is generated based on the R-CSI and power imbalance by the transmit node.

Figure 8 shows a flowchart describing an embodiment of the present method in a transmit
node, such as an eNB base station. This method comprises, receiving feedback from a receive
node (in this case an UE) indicative of a signal power imbalance and R-CSI. Thereafter, the
base station transmits precoded user information which is generated based on the R-CSI and

power imbalance.

Simulation results
In this section the normalized throughput related to the usage of the present method is

presented. Simulation results are shown in Fig. 9 and Fig. 10.

In the simulation scenario in Fig. 9 an imbalance of 20 dB in a 2x2 (2 transmit antenna ports
and 2 receive antenna ports) system was corrected by increasing the power on second transmit
antenna port of 20dB which is shown with line marked with “0”. It is shown that the present

method can improve the throughput about 38 % for high values of SNR.

The case of partial power imbalance adjustment is shown as well in Fig 9. It is shown that if
only 15 dB of imbalance is corrected instead of 20 dB over both DM-RS/data and CSI-RS, a
considerable improvement for all values of SNR can be expected. For example an
improvement of 26 % is expected for high values of SNR. In these simulations it was assumed
that CSI reconstruction (rank, PMI and CQI reconstruction) was done perfectly, i.e. the
estimated propagation channel was equal to the real propagation channel and there is no

estimation noise.

Fig. 10 shows the case where CSI-RS power is not perfectly adjusted due to limited back-off
of power amplifiers for adjustment of CSI-RS power. It was assumed that DM-RS power and
data symbol power were completely adjusted. Further, it was assumed that CSI reconstruction

(rank, PMI and CQI reconstruction) was done perfectly. It can be seen from Fig. 10 that even
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if CSI-RS power is not perfectly adjusted the throughput could be improved. For example if
there is no power adjustment of CSI-RS, throughput for high values of SNR can be improved
only about 5 % compare to the case where there is 20 dB imbalance. This improvement
becomes more important once CSI-RS power is adjusted with partial power with less error i.e.

8 dB and 16 dB for CSI-RS power compensation.

Furthermore, as understood by the person skilled in the art, any method according to the
present invention may also be implemented in a computer program, having code means,
which when run in a computer causes the computer to execute the steps of the method. The
computer program is included in a computer readable medium of a computer program product.
The computer readable medium may consist of essentially any memory, such as a ROM
(Read-Only Memory), a PROM (Programmable Read-Only Memory), an EPROM (Erasable
PROM), a Flash memory, an EEPROM (Electrically Erasable PROM), or a hard disk drive.

Moreover, the invention also relates to a transmit node device and a receive node device and
to a wireless communication system comprising at least one such device. Mentioned devices
may be modified, mutatis mutandis, according to different embodiments of any of the

methods above.

Finally, it should be understood that the present invention is not limited to the embodiments
described above, but also relates to and incorporates all embodiments within the scope of the

appended independent claims.
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CLAIMS

1. Method for transmission in a wireless communication system, said wireless
communication system comprising at least one transmit node having at least two transmit
antenna ports, and at least one receive node having at least one receive antenna port; wherein
transmission of user information between said at least two transmit antenna ports and said at
least one receive antenna port being performed on a radio propagation channel; said method
comprising the steps of:

- estimating a signal power imbalance between said at least two transmit antenna ports;

- computing a reconstructed channel state information (R-CSI) for a reconstructed radio
propagation channel, said reconstructed radio propagation channel being obtained as an
estimated radio propagation channel compensated by a function of said estimated signal
power imbalance;

- sending an indicative of said estimated signal power imbalance and said reconstructed
channel state information (R-CSI) to said at least one transmit node; and

- transmitting user information from said at least two transmit antenna ports to said at least
one receive antenna port using said estimated signal power imbalance and said reconstructed

channel state information (R-CSI).

2. Method according to claim 1, wherein said step of estimating involves:
- measuring reference signals received from said at least two transmit antenna ports, and

- estimating said signal power imbalance based on said measured reference signals.

3. Method according to claim 2, wherein said step of estimating is triggered by

signalling information from said at least one transmit node to said at least one receive node.

4. Method according to claim 3, wherein said signalling information is signalled

dynamically or semi-statically.

5. Method according to claim 2, wherein step of estimating is performed without

signalling information.
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6. Method according to claim 1 or 2, wherein said estimated signal power
imbalance is received signal power associated with each of said at least two transmit antenna

ports measured at said at least one receive antenna port.

7. Method according to claim 1 or 2, wherein said estimated signal power
imbalance is a ratio of a received signal power associated with a predetermined reference
transmit antenna port to a received signal power associated with remaining transmit antenna

ports measured at said at least one receive antenna port.

8. Method according to claim 1, wherein said step of computing involves:
- computing a reconstructed transmission rank, a reconstructed precoding matrix indicator (R-

PMI) and a reconstructed channel quality indicator (R-CQI).

9. Method according to claim 1, wherein said step of computing involves:

- computing a reconstructed transmission rank and a reconstructed channel quality indicator

(R-CQI).

10. Method according to claim 1, wherein said steps of estimating, computing and

sending are performed by said at least one receive node.

11. Method according to claim 1, wherein said step of transmitting involves:
- using said estimated signal power imbalance for adjusting transmit power for each of said at

least two transmit antenna ports.

12. Method according to claim 11, wherein said adjusting of transmit power
involves: increasing or decreasing transmit power so as to fully or partially compensating for

said estimated signal power imbalance.

13. Method according to claim 1, wherein said step of transmitting involves:
- determining a precoding matrix based on said computed reconstructed channel state
information (R-CSI), and

- using said precoding matrix for transmission of said user information.
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14. Method according to claim 1, wherein said reconstructed radio propagation

channel H.j, is defined as:

-1

=H , where

10 0
04/a, 0
oo 0
00 04a,,

o o

5 H , and wherein
7 00 0
hml hmZ hmn 0 0 0 cxn 1
a,, -, o, denote said signal power imbalance associated with each transmit antenna port and

computed compared to a predetermined reference transmit antenna port, /4, denotes said radio

propagation channel between receive antenna port i and transmit antenna port j, m denotes
10 the number of receive antenna ports, and » denotes the number of transmit antenna ports.
15. Method according to claim 1, wherein said reconstructed radio propagation

channel H eﬁ, is defined as:

-1

, 0 a, 0
H, =H,x ! , where
ST 0 00 0
0 0 0 Ja,
hy  hy, My, | e 0 0 0
/] /] /]
15 H, = aor 2 0 @ 0 0 , and wherein
: 0 0
hml hmZ hmn O O O an—l

a,, o,  denote said signal power imbalance associated with each transmit antenna port,
h, denotes said radio propagation channel between receive antenna port i and transmit
antenna port j, m denotes the number of receive antenna ports and » denotes the number of

transmit antenna ports.

20
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16. Method according to claim 1, wherein said user information is user equipment

(UE) specific information comprising reference signals and/or user data.

17. Method according to claim 1, wherein said step of sending said indicative of

said estimated power imbalance is performed using dynamic or semi-static signalling.

18. Method according to claim 1, wherein said wireless communication system is a
long term evolution (LTE) system or a long term evolution advanced (LTE-A) system, and

said transmit node is a base station (eNB) and said receive node is an user equipment (UE).

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

employs coordinated multipoint transmission (CoMP) techniques.

20. Method in a receive node adapted for communication in a wireless
communication system, said receive node having at least one receive antenna port being
adapted for receiving user information from a transmit node having at least two transmit
antenna ports for transmission of user information, wherein transmission of user information
between said at least two transmit antenna ports and said at least one receive antenna port
being performed on a radio propagation channel; said method comprising the steps of:

- estimating a signal power imbalance between said at least two transmit antenna ports;

- computing a reconstructed channel state information (R-CSI) for a reconstructed radio
propagation channel, said reconstructed radio propagation channel being obtained as an
estimated radio propagation channel compensated by a function of said estimated signal
power imbalance; and

- sending an indicative of said estimated signal power imbalance and said reconstructed

channel state information (R-CSI) to said at least one transmit node.

21. Method according to claim 20, further comprising the step of:

- receiving, at said at least one receive antenna port, user information from said transmit node,
said user information being transmitted from said at least two transmit antenna ports and
being generated based on said estimated signal power imbalance and said reconstructed

channel state information (R-CSI).
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22. Method in a transmit node adapted for communication in a wireless
communication system, said transmit node having at least two transmit antenna ports being
adapted for transmitting user information to a receive node having at least one receive antenna
port for receiving user information, wherein transmission of user information between said at
least two transmit antenna ports and said at least one receive antenna port being performed on
a radio propagation channel; said method comprising the steps of:

- receiving an indicative of said estimated signal power imbalance between said at least two
transmit antenna ports and a reconstructed channel state information (R-CSI) for a
reconstructed radio propagation channel from said receive node, said reconstructed radio
propagation channel being obtained as an estimated radio propagation channel compensated
by a function of said estimated signal power imbalance, and

- using said estimated signal power and said reconstructed channel state information (R-CSI)
for transmission of user information from said at least two transmit antenna ports to said at

least one receive antenna port.

23. Computer program, characterised in code means, which when run in a

computer causes said computer to execute said method according to any of claims 1-22.

24, Computer program product comprising a computer readable medium and a
computer program according to claim 23, wherein said computer program is included in the

computer readable medium.

25. Receive node device adapted for communication in a wireless communication
system, said receive node device having at least one receive antenna port being adapted for
receiving user information from a transmit node device having at least two transmit antenna
ports for transmission of user information, wherein transmission of user information between
said at least two transmit antenna ports and said at least one receive antenna port being
performed on a radio propagation channel; said device further being adapted to:

- estimate a signal power imbalance between said at least two transmit antenna ports;

- compute a reconstructed channel state information (R-CSI) for a reconstructed radio
propagation channel, said reconstructed radio propagation channel being obtained as an
estimated radio propagation channel compensated by a function of said estimated signal

power imbalance; and
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- send an indicative of said estimated signal power imbalance and said reconstructed channel

state information (R-CSI) to said at least one transmit node.

26. Device according to claim 25, further being adapted to:

- receive, at said at least one receive antenna port, user information from said transmit node,
said user information being transmitted from said at least two transmit antenna ports and
being generated based on said estimated signal power imbalance and said reconstructed

channel state information (R-CSI).

27. Transmit node device adapted for communication in a wireless communication
system, said transmit node device having at least two transmit antenna ports being adapted for
transmitting user information to a receive node device having at least one receive antenna port
for receiving user information, wherein transmission of user information between said at least
two transmit antenna ports and said at least one receive antenna port being performed on a
radio propagation channel; said device further being adapted to:

- receive an indicative of said estimated signal power imbalance between said at least two
transmit antenna ports and a reconstructed channel state information (R-CSI) for a
reconstructed radio propagation channel from said receive node, said reconstructed radio
propagation channel being obtained as an estimated radio propagation channel compensated
by a function of said estimated signal power imbalance, and

- use said estimated signal power and said reconstructed channel state information (R-CSI) for
transmission of user information from said at least two transmit antenna ports to said at least

one receive antenna port.

28. Wireless communication system comprising at least one receive node device

according to claim 25 and/or at least one transmit node device according to claim 27.
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