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PHASE CALIBRATION AND ERRONEOUS CABLING DETECTION FOR A MULTI-ANTENNA RADIO

BASE STATION

TECHNICAL FIELD

The present invention generally relates to radio communications technology and more
particularly to improvements related to a multi-antenna radio base station, and
especially detection and/or handling of relative phase errors between radio chains in

such a multi-antenna radio base station.
BACKGROUND

It is well-known that the use of multiple antennas at the transmitter and/or the receiver
can significantly boost the performance of a wireless system. Such antenna

configurations have the potential of both improving data rates and increasing coverage.

Precoding [1, 2] is a popular multi-antenna technique for improving the performance
of a multi-antenna system by transforming the information carrying tranémit vector so
that it better fits the channel conditions. This can be done based on instantaneous
channel information or long term channel information or some combination thereof.
Often, precoding is implemented as performing a (linear) transformation on the
information carrying vector prior to transmission. Such transformation is usually
represented by a matrix. Precoding is an integral part of Long Term Evolution (LTE)
as well as Wideband Code Division Multiple Access (WCDMA) systems. Precoding is

also referred to as closed loop transmit diversity coding.

Precoding can be used in conjunction with any antenna configuration, resulting in

correlated, uncorrelated or a combination thereof, radio channels.
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Of particular interest for the present invention are antenna configurations where radio
channels are correlated or a combination of both correlated and uncorrelated radio
channels. Figs. 1A and 1B illustrate two different examples of antenna configurations.
Fig. 1A illustrates a simple example of a linear array of M closely spaced antenna
columns having identical polarization. The column spacing may for example be in the
order of 0.5 wave lengths typically resulting in radio channels having high correlation.
Fig. 1B illustrates an example in the form of a linear array of N dual polarized antenna
columns, where the spacing may be in the order of 1.0 wave lengths or less depending
on realization, typically resulting in correlated radio channels within a polarization and

uncorrelated channels between polarizations.

When antenna elements are closely spaced, and thus the radio channels typically are
correlated, a beam (typically but not always narrow) is generated when the precoding
vector or matrix from the codebook is applied. The vectors in the codebook in LTE,
for example, are designed for, or at least best suited for, a scenario where the radio
chains are coherent. This means that if the coherency is not sufficient performance will
be degraded. Coherency generally describes correlation properties between physical
quantities of waves (including radio and microwaves), and may be expressed in terms
of for example amplitude-, time- and phase-relations. Although time and phase are
interrelated, the requirements on time coherency and phase coherency are usually on
completely different levels. Although there may be time coherency (signal bandwidth

related) in a system, the phase (carrier frequency related) may still be more or less

random.

To detect and/or ensure sufficient phase coherency some type of detection/calibration
is normally required. Calibration is an area of large interest, and has been so for many
years, and a considerable amount of patents exists. In a typical implementation for
detection/calibration in a radio base station 10 having an antenna system 12, there
normally exists a special detection/calibration branch/network 14 with an associated

transceiver 15, and signals are then coupled to/from the detection/calibration branch 14



10

15

20

25

WO 2010/087749 PCT/SE2009/050100

and the ordinary radio chains 16, 18 of the radio base station, as schematically
illustrated in Fig. 2. For detection/calibration in the receiver direction, a calibration
signal from the transceiver 15 is inserted via the detection/calibration branch 14 into
all radio chains, often in or near the antennas, in order to determine how the radio
chains are related in phase and/or amplitude. For detection/calibration in the
transmitter direction, the detection/calibration branch 14 operates as a probe, in or near
the antennas, for measuring transmitted signals in a systematic manner in order to
determine how the radio chains are related in phase and/or amplitude. Suitable
calibration or compensation can then be performed on the basis of the determined

phase and/or amplitude relation.

Major drawbacks or problems with conventional detection/calibration implementations
include the need for an extra feeder, the need for a special radio chain for
transmission/reception  of  detection/calibration  signals, and also  that

detection/calibration may require that normal transmission/reception is interrupted.

Reference [3] discloses an implementation not using a special detection/calibration

signal, but rather based on observing the normal data to be transmitted. In this way it is

not necessary to interrupt the normal operation. However, there is still a need for a

special detection/calibration branch.

Reference [4] generally relates to a radio device having a number of transmission
equipments, and especially to a technique for deriving a relative time delay of the

transmission equipments based on at least two sub-band transmit weight vectors.
SUMMARY

It is an object of the present invention to enhance the operation of a radio base station

having at least two radio chains.
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In particular it is desirable to be able to detect and/or handle relative phase errors

between radio chains in a radio base station.

It is a specific object of the present invention to provide a method for handling a

relative phase error between radio chains in a radio base station.

It is another specific object of the present invention to provide an improved radio base

station capable of handling a relative phase error between radio chains.

Still another specific object is to provide a detector for detecting a relative phase error

between radio chains in a radio base station.

It is yet another specific object to provide a method for detecting incorrect

interconnection of radio chains and antennas in a radio base station.

It is also a specific object to provide a detector for detecting incorrect interconnection

of radio chains and antennas in a radio base station.

These and other objects are met by the invention as defined by the accompanying patent

claims.

The invention generally relates to a radio base station, which has at least two radio chains
and a precoder for precoding information symbols by a precoding matrix for multi-
antenna transmission to a number of user equipment terminals. Typically, the radio
base station receives feedback information from one or more user equipment terminals

representative of which precoding matrix that is preferred.

The inventors have recognized that precoding matrix statistics based on such feedback

‘nformation has the property, at least for LTE, of being able to represent the phase

coherency between radio chains in the base station.
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A basic idea of the invention is therefore to compile precoding matrix statistics
representative of phase coherency between at least two radio chains based on feedback
information representative of preferred precoding matrix from one or more user
equipment terminals, and detect a relative phase error between radio chains based on
the compiled precoding matrix statistics. It is then possible to compensate or otherwise

adjust for the detected relative phase error based on the precoding matrix statistics.

In this way, relevant information on the phase coherency situation can be obtained in
an efficient manner by analyzing already existing feedback information from the user
cquipment terminals to the radio base station. This also enables sufficient phase
coherency between radio chains in the radio base station, when corresponding
compensation is applied. No extra signaling is required, and there is no need for a

special detection/calibration branch in the base station.

Normally, the detection of a relative phase error includes at least detection of the
presence of a relative phase error, and the compensation includes estimation of the
magnitude and sign of a phase compensation value, which can then be applied to one

or more of the radio chains.

The invention provides a radio base station having means for compiling precoding
matrix statistics representative of phase coherency between at least two of the radio
chains based on feedback information representative of preferred precoding matrix
from one or more of the user equipment terminals. The radio base station further
comprises means for detecting a relative phase error between at least two of the radio
chains based on the precoding matrix statistics, and means for compensating for the

detected relative phase error based on the precoding matrix statistics.

A cotresponding detector for a radio base station basically comprises an input unit for
receiving precoding matrix statistics representative of phase coherency between at

least two of the radio chains, and a detector unit for detecting a relative phase error
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between at least two of the radio chains based on the received precoding matrix

statistics.

A related aspect of the invention concerns a method and corresponding detector for

detecting incorrect interconnection of radio chains and antennas in a radio base station.

Other advantages offered by the invention will be appreciated when reading the below

description of embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further objects and advantages thereof, will be best
understood by reference to the following description taken together with the

accompanying drawings, in which:

Figs. 1A-B schematically illustrate different examples of antenna configurations

including correlated antennas.

Fig. 2 schematically illustrates a typical implementation for detection/calibration of a

phase error in a radio base station.

Fig. 3 is a schematic flow diagram illustrating a method for detecting/handling a

relative phase error between radio chains in a radio base station according to an

exemplary embodiment of the invention.

Fig. 4 is a schematic flow diagram illustrating a method for handling a relative phase

error between radio chains in a radio base station according to an exemplary

embodiment of the invention.

Fig. 5 illustrates an exemplary antenna configuration.
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Fig. 6 shows an example of the CDF (Cumulative Distribution Function) of the

capacity for different SNR values as a function of the phase error in a given branch.

Fig. 7 illustrates capacity percentiles for 50%, 90% and 95% for different SNR over

phase errors in a given antenna branch.

Fig. 8 illustrates an example of beam patterns for 16 precoding matrixes for the case of

a coherent system (no phase errors) and transmission of two data streams.

Fig. 9 illustrates an example of beam patterns for 16 precoding matrixes for the case

when there is a phase error on one antenna branch.

Figs. 10A-B illustrate examples of PMI (Precoding Matrix Index) statistics for a
calibrated antenna system as well as a cotresponding antenna system where a phase

error of 180° is applied to an antenna branch.

Fig. 11 illustrates an example of a PMI reference distribution plotted for a number of

different phase errors.

Fig. 12A illustrates an example of a PMI reference distribution (for a number of

different phase errors) for the case when the cables are correctly attached.

Fig. 12B illustrates an example of a PMI reference distribution where two cables have

been swapped.

Fig. 13A illustrates an example of a PMI reference distribution matrix for a number of

different phase errors for an incorrect cable connection.

Fig. 13B illustrates the corresponding PMI distribution vector for an incorrect cable

connection for a phase crror of 0 degrees.
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Fig. 14 shows an example of a possible discriminator curve for identifying phase

errors based on transmission of one data stream (rank 1 conditions).

Fig. 15 illustrates an example of a simulation setup, where absolute phase errors are
applied to all four branches, and a phase correction value is applied to one of the

branches.

Fig. 16 is a schematic flowchart showing an example of a procedure for estimating a

phase compensation value.

Fig. 17A is a schematic curve diagram illustrating an example of different phase
correction values applied in different iterations of the procedure described in

connection with Fig. 16.

Fig. 17B is a schematic curve diagram illustrating an example of how the discriminator

value varies for the different iterations.

Fig. 18 shows an example of capacity percentiles as a function of iteration number

during the search for best correction.

Fig. 19 is a schematic block diagram illustrating a radio base station according to an

exemplary embodiment of the invention.

Fig. 20 is a schematic block diagram illustrating a radio base station according to

another exemplary embodiment of the invention.

Fig. 21 illustrates a detector module in the context of other relevant parts according to

a preferred exemplary embodiment of the invention.



10

15

20

25

30

WO 2010/087749 PCT/SE2009/050100

DETAILED DESCRIPTION

Throughout the drawings, the same reference characters will be used for corresponding

or similar elements.

When codebook based precoding is applied for downlink transmission, user equipment
(UE) terminals normally report the preferred precoding matrix index (PMI) or
equivalent representation. For site installations where antennas are located such that
the received signals are correlated, the inventors have realized that the preferred matrix
indices can be used as a measure of phase coherency between radio chains. If it is
detected that coherency is insufficient a phase compensation may then be applied to

one or more of the radio chains.

As illustrated in the schematic flow diagram of Fig. 3, a basic idea of the invention is to
compile precoding matrix statistics representative of phase coherency between at least
two radio chains based on feedback information representative of preferred precoding
matrix from one or more user equipment terminals as indicated in step S1, and detect a
relative phase error between radio chains in step S2 based on the compiled precoding
matrix statistics. It is then possible to compensate or otherwise adjust or correct for the

detected relative phase error, as indicated in the optional step S3.

Consequently, relevant information on the phase coherency situation can be obtained
in an efficient manner by analyzing already existing feedback information from the
user equipment terminals to the radio base station. This also enables sufficient phase

coherency between radio chains when corresponding compensation is applied.

The precoding matrix statistics may be compiled by collecting feedback information
representative of preferred precoding matrix from one or more terminals over time. It
may be sufficient with feedback information from a single user equipment terminal, if

it can be assumed that the terminal moves over a considerable part of the radio
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coverage area over time. Preferably however, the precoding matrix statistics is based
on feedback information representative of preferred precoding matrix from a plurality
of user equipment terminals collected over time (i.e. at several different time
instances). The invention may be applied per frequency sub-band or over the whole

relevant frequency band.

It is also possible, and sometimes advantageous to provide more relative importance to
feedback information collected at more recent time instances than feedback
information collected at less recent time instances. The estimates are continuously
updated, and old data are normally regarded as less important. For example, some

form of leaky integrator can be used for this purpose.

In a preferred exemplary embodiment of the invention, the relative phase error(s)
between radio chains in the radio base station is detected based on the compiled
precoding matrix statistics in relation to pre-established precoding matrix reference
information. Typically, the pre-established precoding matrix reference information
includes precoding matrix reference information corresponding to the antenna
configuration assuming coherent radio chains, and the detection of relative phase
error(s) is based on detecting a deviation of the compiled precoding matrix statistics
from the pre-established precoding matrix reference information, as will be explained
in detail later on. The reference information is normally dependent on how the antenna
system is configured, and may for example be determined based on simulations or
based on real measurements of a coherent reference system. Anyway, it is ensured that

the reference information is valid for the current antenna configuration.

The detection of a relative phase error includes at least detection of the presence of a
relative phase error, and the compensation part preferably includes estimation of the
magnitude and sign of the relative phase error or identification of a specific type of

relative phase error, as will be explained with reference to different examples below.
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As illustrated in the schematic exemplary flow diagram of Fig. 4, precoding matrix
statistics 1s collected and compiled based on PMI feedback from one or more user
equipment terminals in step S11. The presence of a relative phase error between radio
chains is detected in step S12 based on the compiled precoding matrix statistics. In
step S13, a phase compensation value, also referred to as a phase correction value, is
estimated for one or more of the radio chains at least partly based on the compiled
precoding matrix statistics and also based on the pre-established reference information.
Phase compensation is then effectuated by applying the estimated phase compensation

value to the relevant radio chain or chains, as indicated in step S14.

It has been observed that the PMI distribution depends on phase errors. In a particular
example, the precoding matrix reference information may thus be established for a set
of different relative phase errors. For each of a number of relative phase errors, the
reference information may then represent how frequent each of a number of PMI
indices is assumed to be used for indicating the preferred precoding matrix, as will be
explained in detail later on. For example, a suitable phase compensation value may be
estimated by determining a phase cotrection interval based on a cost function, such as
a discriminator function, describing the relative use of different sets of precoding
matrix indices, the different sets of precoding matrix indices being defined based on

the reference information, and then selecting a phase compensation value within the

phase correction interval.

In an exemplary embodiment of the invention, a suitable phase compensation value
may be selected by determining a cost function at least partly based on compiled
precoding matrix statistics and pre-established reference information, and then
selecting a phase compensation value among those phase compensation values that

give a relatively low cost in order to maximize system performance.

For example, a phase correction interval for which the cost is below a selected

threshold may be determined based on a cost function describing the relative use of
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two different sets of precoding matrix indices, wherein the two different sets of
precoding matrix indices are defined based on the reference information. A suitable
phase compensation value may then be selected within the phase correction interval to

obtain a relatively low cost of the cost function.

In a related aspect of the invention, the inventors have recognized the possibility of
identifying or detecting an incorrect interconnection of radio chains and antennas
based on the compiled precoding matrix statistics. The detection of such an incorrect
interconnection is preferably also based on some form of PMI reference information
representative of correctly connected radio chains and antennas in order to be able to
detect a deviation from such reference information. Optionally, the PMI reference
information also includes information representative of different types of incorrect
interconnections in order to assist in identifying how the cables are wrongly
connected. If desired it is possible to correct for the cabling error by switching the
interconnection of radio chains and antennas, e.g. manually by a technician at the site
installation or by logically re-addressing the radio chains to the antennas (so-called

soft switching) by using well-accepted computer-implemented control technology.

For a better understanding, the invention will now be explained in more detail with

reference to illustrative and non-limiting examples.

In the following, the exemplary antenna configuration illustrated in Fig. 5 will be

assumed. Note though that all aspects of the invention are also applicable to other

antenna configurations.

It may be useful to begin by illustrating the impact of improper coherency with

reference to a simple simulation covering a single sector. The setup for the simulation

is as follows:
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Base Station Antenna: The antenna configuration is a four-port dual polarized antenna

with separation of 1.0 lambda and slanted polarization +/-45 degrees. Element half
power beamwidth of 65 degrees. Elements with identical polarization are connected to

antenna ports [1, 2] and [3, 4] respectively.

UE Antenna; The configuration is an ideal dual polarized antenna.

Channel: The channel is assumed to have low angular spread and the vertical and the
horizontal components to suffer from independent Rayleigh fading with the same
average propagation loss. This leads to the situation where antennas with the same
polarization see radio channels with very high correlation while antennas with

orthogonal polarizations sec radio channels with zero correlation.

Radio: Radio branches 1 and 2 are connected to antenna elements 1 and 2 having
identical polarization. Radio branches 3 and 4 are connected to elements 3 and 4
having identical polarization, however orthogonal to elements 1 and 2. The numbering

of the radio branches corresponds to element position in precoding vector(s).

Selection of precoding matrix index: Channel capacity is calculated per channel

realization and per UE position for all 16 precoding matrices, [1], assuming single
layer or dual layers and the transmission scheme giving the highest capacity and hence
data rate is selected. The vector elements are applied to the radio chains/branches.

UE location: Uniform distribution over [-60, 60] degrees and for three different SNRs
of -5, 0 and 5 dB.

In the following it is assumed, by way of example only, that there is a phase error in
one branch only and that this branch is number four according to Fig. 5. It should be

understood that this is just an example of a phase error vector, and that the invention is

generally applicable for any phase error vector.
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Fig. 6 shows an example of the CDF (Cumulative Distribution Function) of the
capacity for different SNR values (-5, 0, 5) dB as a function of the phase error
(0:60:180 degrees) in branch four. The 50, 90 and 95 percentiles of the capacity are
shown in Fig. 7. One can clearly see that performance depends on the phase error with

best performance for no phase errors.

From Fig. 6 it is noted that a considerable capacity drop can be expected if a phase
error is present. For example, at 5dB SNR the median (50 percentile) capacity drops
from 0.8 to 0.6bps/Hz corresponding to 25% reduction. Similar (relative) drops in

capacity are seen for other SNR levels as well.

Similarly from Fig. 7, which illustrates capacity percentiles for 50%, 90% and 95% for
SNR -5, 0 and 5 dB over phase errors 0:20:360 degrees in branch four, it is noted that

the largest capacity drop is expected for a phase error of 180 degrees.

For the purpose of understanding the results, beam patterns for all 16 available
precoding matrixes are shown in Fig. 8 for the case of a coherent system (no phase
errors) and two layer transmission, where the beams for layer one are shown in solid
lines and for layer two in dotted lines. Fig. 9 shows the case when there is a phase
error in branch 4 of 90 degrees. It can be seen that a significant impairment of the

beam patterns occurs when there is a relative phase error between radio branches.

As previously mentioned, a basic discovery related to the present invention is that the
distribution of the precoding matrix indices (PMI) reported by the UE(s) will be
different for an antenna system (including cabling, filters and such) with a relative
phase error between radio branches compared to a corresponding antenna system with
phase coherent radio branches. Figs. 10A-B illustrate examples of PMI statistics for a
calibrated (coherent) antenna system as well as a corresponding antenna system where

a phase error of 180° is applied to antenna branch number four.
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It can be seen from Figs. 10A-B that the statistics, which is preferably averaged over

all users, will be very different in case a phase error is present.

In Fig. 11, an example of a PMI reference distribution is plotted for a number of
different phase errors. Such a PMI distribution is also referred to as a distribution
matrix, whereas the distribution for a given phase error is referred to as a distribution

vector.

By collecting PMI statistics in the base station such as the eNodeB, collected PMI
distribution can then be compared to a stored reference distribution, which have been
obtained either by measurements in a calibrated network or obtained by simulations or
by any other means. The measured statistics is preferably “matched” to the stored
reference information either by a cost function (such as a discriminator) as will be
exemplified later on, or by pattern recognition. In this way, an estimate of the phase
etror can be obtained. If desired this estimate can be further refined, e.g. by searching
for an improved estimate. For example, the link capacity may be evaluated for

different phase corrections, and a suitable phase correction can then be selected based

on this evaluation.

A further aspect of the invention is that the PMI statistics makes it possible to detect
errors in the cable attachment between radio branches and antenna elements. Fig. 12A
illustrates an example of a PMI reference distribution (for a number of different phase
errors) for the case when the cables are correctly attached [1 2 3 4], and Fig. 12B
illustrates a corresponding example of a PMI reference distribution where two cables

have been swapped [1243] so that the third and fourth connectors have been

interchanged (Fig. 12B).

In order to separate the effect of wrongly connected cables and phase errors

originating from other sources it may be advantageous to evaluate the PMI distribution
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for different known changes of the phase errors, applied by purpose for example at

base-band on transmit, and then make a comparison to the total statistics.

Fig. 13A illustrates an example of a PMI reference distribution matrix for a number of
different phase errors for a cable connect corresponding to [1 2 4 3]. Fig. 13B

illustrates the corresponding PMI distribution vector for a cable connect [1 2 4 3] for a

- phase error of 0 degrees.

For example, the PMI statistics of rank=1 UE reports may be collected during a period
of time, and the collected PMI distribution may then be compared to the PMI reference
distribution for a cable connect of [1 2 4 3] in order to be able to detect an incorrect

cable attachment.

To ensure that this really is a wrongly connected cable, and not any other phase etror,
a known phase offset can be applied to the transmitted data. More statistics can be
collected, and the process may be repeated a number of times. In this way, the system
will have a number of PMI statistic vectors valid for different known phase errors.
This enables the system to do a match of several points in the overall PMI distribution
“matrix”. In other words, we would like to find the matrix M, denoting the reference
PMI distribution matrix, which is closest to V, denoting the matrix collection of PMI
statistic vectors vy, obtained from reports/measurements when a known phase offset
has been applied to the transmitted data. Mathematically, this can for example be
describe in terms of a least squares fit between M and V=[v,, ... , Vi]. As well known

in the literature, any other measure of closeness can be used.

For a more in-depth understanding of the invention, it may be useful to provide an
underlying analysis of the different contributions of a phase difference between

different branches, followed by a more detailed description of some exemplary

embodiments of the invention.
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For example, for a scheme with multiple antennas in the base station and a single
antenna at the UE, the difference in phase for different paths may be composed by

several contributions:
ACD :(pclmnnel + golime_el‘r + ¢plmse_elv‘ + waulemm + goDOA

The character of the different contributions differs. The channel contribution is a result
of channels not being perfectly correlated and is thus varying as the channels fade. The
time error arises due to different timing errors in the base station, such as different
delays in filters and different feeder lengths. Thus timing-difference-induced phase
errors are more or less constant over time but frequency-dependent. A phase error may
arise, for example from phase-locked loops locking at different phases and may be
regarded as constant, both over time and frequency. The antenna contribution models
the fact that antenna elements typically are not identical, for example between central
and edge elements in an array. Finally, the DOA (direction of arrival) contribution is

due to different path lengths between a UE and the individual elements depending on

the direction of arrival,

In the LTE standard, for example, there is a requirement that radio chains shall be time

aligned such that the time difference between any two radio chains at the antenna port

fulfills:

=< 65ns.

6, = ‘Tk T

As already mentioned the time difference will cause the phase relation between
branches to be frequency dependent. Over a bandwidth of 20MHz the maximal time

difference can be transformed to a maximal phase difference of 470 degrees:

A (Dlime _err = 27[Af§/\
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However, the precoding vectors may be selected for only a portion of the bandwidth,
per sub-band (see [2] for detailed information). This means that the phase error due to
time errors can be much smaller. For example, if the total bandwidth of 20MHz is
divided into 8 sub-bands the maximal phase difference over frequency, within a sub-

band, will be about 59 degrees.

In addition to the frequency-varying phase shift one can expect, for example due to
slightly different feeder lengths, the phase to have a random offset (at least in practice

not frequency-dependent) of [0, 360]degrees.

The phase in branch k may then be modeled as:

ok, [,6,) = Pox +27f6, ,

where ¢,, models the constant phase offset and the second component models the

frequency-dependent phase shift ( f within the sub-band of interest).

In one aspect of the invention, the purpose of the invention is to compensate for phase
errors between radio chains. Both constant (or at least basically frequency-

independent) errors and frequency-dependent errors are normally considered.

With reference to the example outlined in Fig. 5, this means that there are, for four
branches, potentially eight parameters to estimate. Two of these can be regarded as

references (only relative phase errors of importance) and set to zero giving a total of

six parameters.

Phase errors between branches 1 and 2 will cause the polarization compounent,
corresponding to branches 1 and 2, of the total beam generated by applying the

precoding vector(s) elements 1 and 2 to squint in angle. The magnitude of the squint
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depends on the relative phase shifts, i.e. the phase error, not on the phase shifts
themselves. As long as both polarization components squint identically, corresponding
to a change in pointing direction (squint) but no change in shape for the power pattern,
the performance will in principle be unaffected. This is because there are multiple

PMIs to select from corresponding to different inherent beam squints.

So instead of having to estimate three phase shifts it is sufficient to estimate one phase
parameter, the difference in phase error between radio chains 1 and 2 and radio chains
3 and 4, respectively. If this difference is kept small the components of the beam,

generated per polarization, is pointing in the same general direction.

Assuming that the timing error causes only minor phase errors within each sub-band
(or over the entire frequency band), or that the weight vector is selected based on some
average over the sub-band, it may be sufficient to estimate only the relative phase

offset, i.e. only one parameter.

Once relative phase errors are estimated for multiple sub-bands it is possible to
estimate timing errors based on the known fact that a time error gives rise to a linear

phase error over frequency.

With reference once again to the PMI reference distribution of Fig. 11, it is shown how
frequent each precoding matrix index (PMI) is selected assuming that the channel rank
is 1 for phase errors 0:20:360 degrees (between 0 and 360 degrees with 20 degrees
separation in-between phase errors), DOA -60:2:60 degrees and Rayleigh fading radio

channels. The distribution is normalized so that the sum over PMI for a given phase

error equals 1.

In a particular example, the actual PMI statistics based on UE reports is preferably
used to generate a “cost” which is minimized by means of a procedure where phase

corrections are introduced to the system such that the cost is minimized.
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Fig. 14 shows an example of a possible discriminator curve, 1.e., the cost for different
values of a phase error, generated from the reference distribution matrix given a single

layer transmission. In this example, the discriminator is given as:
0O, = Prob{PMI € [13, ..., 16]}/ Prob{PMI € [1,..,12]}.

From Fig. 14 one can see that the cost is zero, or at least very low, for a significant
portion (from -80 to +80 degrees) of the x-axis, i.e., possible phase errors. Thus, in
order to optimize performance it may not be sufficient just to find phase corrections
such that the cost is “zero” but one might need to apply an procedure/method to find
the center of the interval where the cost is zero (very low). By doing so the impact of

the phase error is really minimized.

A simple example for estimation of a suitable phase correction value is described
below. An example of a simulation setup is illustrated in Fig. 15, where absolute phase
errors, P, are applied to all four branches. A phase compensation value or phase
correction value, o, is applied to branch number four, and the goal is to find a good

value for this phase correction value.

Fig. 16 is a schematic flowchart showing an example of a procedure for estimating a
phase compensation value. Basically this procedure aims at traversing different phase
correction values, finding a vector of those values that correspond to a cost Cy below a
given threshold T and finally extracting a suitable phase compensation value. First,
some initiation is performed, including resetting values to be used in the procedure, as
indicated in step S21. In the next phase (steps S22-S24) it is ensured that a phase
correction is applied such that the cost Cy is above (Y) the threshold T in order to
obtain a proper starting point for the remaining procedure. The procedure then
continues with a stage (steps S25-S27) that aims at finding the position at which the
cost Cy is no longer above the threshold (N) but instead falls below the threshold T.

The following stage (steps S28-S31) then aims at traversing different phase correction
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values o until finding a position at which the cost Cy is once again above the threshold
(Y). For all phase correction values a (corresponding to a cost below the threshold)

traversed during this stage, an associated by value is set to 1 indicating that these
values may be used for extracting a final phase compensation value aeg. By way of

example, those o values that are associated with a by value equivalent to 1 are

summed up in the complex plane and then the corresponding argument is determined

to obtain an estimate of a suitable phase compensation value gt

Of course, other alternative procedures may be employed for determining a phase

compensation value, as understood by the skilled person.
In the simulation the following phase errors were applied:
B=[25 -45 0 85|deg).

Fig. 17A is a schematic curve diagram illustrating an example of different phase

correction values of o applied in different iterations k of the procedure described in

connection with Fig. 16.

Fig. 17B is a schematic curve diagram illustrating an example of how the cost value

varies for the different iterations k. It can be seen that the cost value is low for

iterations 8 to 25 and from 27 and up.

In the example of Fig. 18, capacity percentiles are shown as a function of iteration
number during the search for best correction. This figure is shown basically to support
understanding of the procedure and also to show that the procedure actually finds a

good phase correction value resulting in high capacity.
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The cost is below the applied threshold for corrections of [120:10:290] degrees. Thus
in this example, the estimated phase correction value becomes 205 degrees or

equivalently -155 degrees.

The phase difference between branches one and two, with branch two used as

reference, is 25 —(—45) = 70 degrees.

The phase difference between branches three and four, with four used as reference, is
0—(85) = —85 degrees before correction and 0 — (85-155) = 70 degrees after correction.
The relation is thus the same as for branches one and two which makes all four beams

phase coherent and as a consequence pointing in the same direction.

Basically, the above described steps and actions may be implemented in hardware, or
any combination of software and hardware, including suitably programmed processors
or equivalent computer-implementations. Existing processing capabilities in the base
station may for example be re-used if desired. A few examples of possible, non-

limiting implementations will now be generally described below.

Implementation aspects

Fig. 19 is a schematic block diagram illustrating a radio base station according to an
exemplary embodiment of the invention. The radio base station 100 preferably
includes a baseband processing unit 110, a precoder 120, a number of radio chains 130
and a number of antennas 140 to provide for multi-antenna transimission, a precoding
control unit 150, a precoding matrix statistics compiler 160, a detector 170, an optional

estimator/compensator 180 and optional user interface 190.

The baseband processing unit 110 and the precoder 120 may be conventional units that

normally both form part of the overall baseband processing of the radio base station

100.
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The precoder 120 normally receives one or more modulated/coded streams of
information symbols from the baseband processing unit 110 and transforms the stream
or streams by means of a precoding matrix so that they better fit the channel conditions

between the radio base station side 100 and the user equipment (UE) side 200.

Precoding is a popular multi-antenna technique for improving the performance of
multi-antenna systems. As previously mentioned, precoding is for example an integral

part of LTE as well of WCDMA systems.

The radio (transmitter) chains 130 are normally also based on conventional
technology, e.g. including digital-to-analog conversion, filtering and frequency up-

conversion to radio frequency.

The channel characteristics between radio base station side and the UE side is typically
measured at the receiver UE terminals 200-1, ..., 200-N, and appropriate feedback
information is provided to the radio base station 100 through finite-rate feedback
channel(s). The feedback information could be in the form of explicit channel state
information (CSI) or a quantized representation of the desired precoding matrix. The
feedback information is received by the radio base station, for example by the precoding
control unit 150, which may then select a suitable precoding mairix using the received

channel state information and/or the quantized precoding matrix representation.

In accordance with the present invention, the feedback information may also be used for
compiling so-called precoding matrix statistics by the statistics compiler 160. The
precoding matrix statistics of the present invention can be used to identify phase
coherency status between radio chains 130 in the radio base station 100, and the
detector 170 is preferably configured for detecting a relative phase error between at least

two of the radio chains 130 based on the compiled precoding matrix statistics.
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The detector 170 may alternatively, or as a complement, be configured for detecting a

cabling error, i.e. an incorrect connection of radio chains and antennas.

The detector output may simply be an indication of the existence of a relative phase error
or a cabling error. In the former case, the estimator/compensator 180, which may be
integrated with detector 170, preferably determines an estimate of the magnitude and
sign of the relative phase error and then performs appropriate compensation for one or
more of the radio chains 130. As an alternative the output of the detector 170, or the
integrated unit comprising the detector and estimator/compensator, may be forwarded to
the user interface 190, e.g. for alerting an operator of the radio base station. The user

interface 190 may even be remotely located.

Fig. 20 is a schematic block diagram illustrating a radio base station according to
another exemplary embodiment of the invention. In this particular example, the
compensator 180 compensates for a relative phase error by applying phase
compensation to one or more of the radio chains 130 or corrects for an incorrect
interconnection of radio chains and antennas by (soft) switching. If desired, the
detector 170 and the estimator/compensator 180 may be integrated within the same

unit, as schematically indicated in Fig. 20.

Fig. 21 illustrates a detector for a radio base station in the context of other relevant

parts according to a preferred exemplary embodiment of the invention. The precoding

" matrix statistics compiler 160 preferably collects and compiles PMI information

originating from the feedback of one or more UE terminals. The detector 170 is
configured for receiving appropriate PMI statistics from the statistics compiler 160 as
well as relevant reference information from a reference information unit 185, which
maintains pre-established precoding matrix reference information. The detector 170
may be configured for detecting a relative phase error between radio chains and/or for
identifying a cabling error, i.e. an incorrect interconnection of radio chains and

antennas. In the former case, an associated estimator/compensator 180 may be
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triggered to estimate the magnitude and sign of a phase compensation value for at least
one of the radio chains at least partly based on the precoding matrix statistics and the
reference information, as previously described. The estimator/compensator unit 180
may then apply a corresponding phase calibration signal to one or more of the radio
chains. Preferably, the detector 170 is implemented together with the

estimator/compensator 180 and also the statistics compiler 160 in a radio base station.

The embodiments described above are merely given as examples, and it should be
understood that the present invention is not limited thereto. Further modifications,
changes and improvements which retain the basic underlying principles disclosed and

claimed herein are within the scope of the invention.
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CLAIMS

1. A method for handling a relative phase error between radio chains in a
radio base station (100) having at least two radio chains (130), said radio base
station (100) being configured for precoding information symbols by means of a
precoding matrix for multi-antenna transmission to a number of user equipment
terminals (200), said method comprising the steps of:

- compiling (S1) precoding matrix statistics representative of phase
coherency between at least two of said radio chains (130) based on feedback
information representative of preferred precoding matrix from at least one of said
user equipment terminals (200);

- detecting (S2) a relative phase error between at least two of said
radio chains (130) based on said precoding matrix statistics; and

- compensating (S3) for said detected relative phase error based on

said precoding matrix statistics.

2. The method of claim 1, wherein said step of detecting (S2) a relative
phase error between at least two of said radio chains (130) is performed based on
said compiled precoding matrix statistics in relation to pre-established precoding

matrix reference information.

3. The method of claim 2, wherein said pre-established precoding matrix
reference information includes at least precoding matrix reference information
corresponding to radio chains with no coherency errors, and said step of
detecting a relative phase error comprises the step of detecting a deviation of said

compiled precoding matrix statistics from said pre-established precoding matrix

reference information.

4, The method of claim 3, wherein said pre-established precoding matrix

eference information also includes precoding matrix reference information
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established for a set of different relative phase errors, and said pre-established
precoding matrix reference information represent, for each of a number of
relative phase errors, how frequent each of a number of precoding matrix indices

is assumed to be used for indicating preferred precoding matrix.

5. The method of claim 3 or 4, wherein said step of compensating (S3) for
said relative phase error comprises the steps of estimating (S13) magnitude and
sign of a phase compensation value for at least one of said radio chains at least
partly based on said compiled precoding matrix statistics and said pre-established
reference information, and applying (S14) a phase compensation for said at least

one of said radio chains based on said estimated phase compensation value.

6. The method of claim 5, wherein said step of estimating (S13) magnitude
and sign of a phase compensation value comprises the steps of:

- determining a cost function at least partly based on said compiled
precoding matrix statistics and said pre-established reference information; and

- selecting a phase compensation value among those phase compensation

values that give a relatively low cost of said cost function in order to maximize

system performance.

7. The method of claim 6, wherein said step of estimating (S13) magnitude
and sign of a phase compensation value comprises the steps of:

- determining a phase correction interval for which the cost is below a
selected threshold based on a cost function describing the relative use of two
different sets of precoding matrix indices, wherein said two different sets of
precoding matrix indices are defined based on said reference information; and

- determining a phase compensation value within said phase correction

interval.
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8. A radio base station (100) having multiple radio chains (130) and a
precoder (120) for precoding information symbols by means of a precoding
matrix for multi-antenna transmission to a number of user equipment terminals
(200), said radio base station (100) comprising:

- means (160) for compiling precoding matrix statistics representative
of phase coherency between at least two of said radio chains (130) based on
feedback information representative of preferred precoding matrix from at least
one of said user equipment terminals (200),

- means (170) for detecting a relative phase error between at least two
of said radio chains based on said precoding matrix statistics; and

- means (180) for compensating for said detected relative phase error

based on said precoding matrix statistics.

9. The radio base station of claim 8, wherein said means (170) for detecting
a relative phase error between at least two of said radio chains (130) is
configured to operate based on said compiled precoding matrix statistics in

relation to pre-established precoding matrix reference information.

10. The radio base station of claim 9, wherein said means (170) for detecting
a relative phase error comprises means for detecting a deviation of said compiled
precoding matrix statistics from said pre-established precoding matrix reference
information that includes at least precoding matrix reference information

corresponding to coherent radio chains.

11. The radio base station of claim 10, wherein said pre-established
precoding matrix reference information also includes precoding matrix reference
information established for a set of different relative phase errors, and said pre-
established precoding matrix reference information represent, for each of a
number of relative phase errors, how frequent cach of a number of precoding

matrix indices is assumed to be used for indicating preferred precoding matrix.
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12. The radio base station of claim 10 or 11, wherein said means (180) for
compensating for said relative phase error comprises means for estimating
magnitude and sign of a phase compensation value for at least one of said radio
chains (130) at least partly based on said compiled precoding matrix statistics and
said pre-established reference information, and means for applying a phase
compensation for said at least one of said radio chains based on said estimated

phase compensation value.

13. The radio base station of claim 12, wherein said means for estimating
magnitude and sign of a phase compensation value comprises:

- means for determining a cost function at least partly based on said
compiled precoding matrix statistics and said pre-established reference
information; and

- means for selecting a phase compensation value among those phase
compensation values that give a relatively low cost of said cost function in order

to maximize system performance.

14. The radio base station of claim 13, wherein said means for estimating
magnitude and sign of a phase compensation value comprises:

- means for determining a phase correction interval for which the cost
is below a selected threshold based on a cost function describing the relative use

of two different sets of precoding matrix indices; and

- means for determining a phase compensation value within said phase

correction interval to obtain a relatively low cost of said cost function.

15. The radio base station of claim 8, wherein said radio base station (100) is

an eNodeB.

16. A detector (170) for a radio base station (100) having multiple radio

chains (130) and a precoder (120) for precoding information symbols by means
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of a precoding matrix for multi-antenna transmission to a number of user
equipment terminals (200), said detector (170) comprising:

- means for receiving precoding matrix statistics representative of
phase coherency between at least two of said radio chains (130), said precoding
matrix statistics being based on feedback information representative of preferred
precoding matrix from at least one of said user equipment terminals (200); and

- means for detecting a relative phase error between at least two of

said radio chains based on said precoding matrix statistics.

17. A method for detecting incorrect interconnection of radio chains (130)
and antennas (140) in a radio base station (100) having at least two radio chains
(130), said radio base station (100) being configured for precoding information
symbols by means of a precoding matrix for multi-antenna transmission to a
number of uscr equipment terminals (200), said method comprising the steps of:

- compiling (S21) precoding matrix statistics based on feedback
information representative of preferred precoding matrix from at least one of said
user equipment terminals (200); and

- detecting (S22) incorrect interconnection of radio chains (130) and

antennas (140) based on said precoding matrix statistics.

18. A detector (170) for detecting incorrect interconnection of radio chains
(130) and antennas (140) in a radio base station (100), said radio base station
(100) having multiple radio chains (130) and a precoder (120) for precoding
information symbols by means of a precoding matrix for multi-antenna
transmission to a number of user equipment terminals (200), said detector (170)
comprising:

- means for receiving precoding matrix statistics, said precoding
matrix statistics being based on feedback information representative of preferred

precoding matrix from at least one of said user equipment terminals (200); and
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- means for detecting incorrect interconnection of radio chains (130)

and antennas (140) based on said precoding matrix statistics.

19. A radio base station (100) comprising a detector (170) of claim 18.
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INTERNATIONAL SEARCH REPORT

international application No

PCT/SE2009/050100

. CLASSIFICATION OF SUBJECT MATTER

A
INV.  'HO4B17/00 H01Q3/26
ADD. HO4B7/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4B HO1Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and. where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2008/082344 A (ERICSSON TELEFON AB L M 1-16
[SE]; KARLSSON JONAS B [SE]; GOERANSSON BO
[SE) 10 July 2008 (2008-07-10)

Y pages 2,8,9,13 17-19
pages 17,19

A EP 1 892 850 A (FUJITSU LTD [JP]) 1-16
27 February 2008 (2008-02-27)
page 2 - page 5

Y WO 02/11237 Al (NOKIA CORP [FIJ; HANCOCK 17-19
CHRISTOPHER JAMES [GB])

7 February 2002 (2002-02-07)
page 18, line 9 - Tine 20
page 20, line 14 - line 17

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents : ) )
"T* later document published after the intemational filing date

"A" document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier document but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

or priority date and not in conflict with the application but
cited to understand the pnnciple or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

°Y" document of particular relevance; the claimed invention
cannot be considered o involve an inventive siep when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

3 March 2010

Date of mailing of the intemational search repon

10/03/2010

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Franz; Volker

Form PCT/NSA/210 (second sheet) (April 2005)




international application No.
INTERNATIONAL SEARCH REPORT PCT/SE2009/050100
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:I Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found muitiple inventions in this international application, as follows:

see additional sheet

1. m As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:l As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

IZ] No protest accompanied the payment of additional search fees.

Form PCT/ASA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ S E2009 /0 5 0 1 0 0

FURTHER INFORMATION CONTINUED FROM  PCT/ISA/ 21(

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-16
to perform phase error compensation based on how frequent a
number of precoding matrix indices is assumed to be used for
indicating preferred precoding matrix.

2. claims: 17-19

to detect incorrect cabling between radio chains and
antennas.
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Information on patent family members

International application No

PCT/SE2009/050100
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2008082344 A 10-07-2008 EP 2100386 Al 16-09-2009
WO 2008082345 Al 10-07-2008
EP 1892850 A 27-02-2008 CN 101162930 A 16-04-2008
JP 2008053933 A 06-03-2008
KR 20080019174 A 03-03-2008
Us 2008051150 Al 28-02-2008
WO 0211237 Al 07-02-2002 AU 8585401 A 13-02-2002
US 2003160719 Al 28-08-2003

Form PCTASA/210 (patent family annex) {(April 2005)
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