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Title:
BASE STATION ARRANGEMENTS

TECHNICAL FIELD

The present invention relates to a base station arrangement,
adapted to be connected to, or comprising, an antenna part with
a plurality of antenna elements. It comprises a signal
processing unit to which antenna ports of the antenna part are
connected. The invention also relates to a method for, in such a
base station arrangement, enabling control of downlink

multipath transmission to a user station over the multiple

ports.
BACKGROUND
For mobile communications systems multipath downlink

transmission has received a lot of attention and many efforts
have been done to enable an efficient handling of power in the
base station, also with the aim of enabling a good receiving
possibility in the wuser station. Since multiple antennas are
used, signals on the regpective antennas have to be transmitted
with an appropriate power, which normally is handled by applying

so called downlink weight vectors.

Different approaches have been implemented which all are based
on utilizing different types of data for determining the

downlink weight vector.

According to one method received uplink power spectra are used
to estimate direction of arrival (DOA) for the signals. Such a

method can be applied also when one can not rely on channel
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reciprocity and transmission instead is based on second order
statistics. If, on the other hand, channel reciprocity is
applicable, it 1s possible to calculate eigenvectors for a
channel correlation matrix and then to use these eigenvectors
for downlink transmission. The weight vector 1is Dbased on a
channel estimation for received signals and contains phase and
amplitude information. Through the use of an eigenvector based
approach, the antenna configuration does not have to be known in
order to implement the channel estimation algorithm, which is an
advantage compared to methods based on estimating direction of
arrival. There are however problems associated with all known
methods. Two of these problems are that power utilization in a
base station can not be controlled to a satisfactory extent and

that power is not optimzed.

Methods based on eigenvalue decomposition of the estimated
channel <correlation matrix information use eigenvalues and
eigenvectors. The eigenvalues are measures of the channel
quality and the eigenvectors are the weightvectors to be used.
For some antenna arrangements an eigenvector can be interpreted
as a conventional beam-forming vector. Fig. 1 for example shows
a radio base station RBS 20y with (here) four antenna elements
having the same polarization connected thereto over antenna
ports, on the antenna part, and feeder ports, which are the

ports of the RBS (Radio Base Station).

The antenna part may e.g. comprise a uniform linear array (ULA)
with four antenna elements, with an element spacing dr in the
base station. It here communicates with a single antenna in a
user equipment UE 9,. The antenna elements are located so close
to each other, typically half a wavelength, that the radio
channel between the antenna in UE 9y and the ULA in RBS 20, in

many cases are highly correlated. This means that they are
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almost identical for all base station antenna elements, except
for a direction of arrival dependant phase shift corresponding
to the difference in path length in communication with the UE.
The signal received in RBS 20, can, for a radio channel with a
small angular spread, i.e., for highly correlated radio channels
between the UE antenna and base station antennas be expressed

as:

y=@@kk+n=m+n,

wherein a(¢) 1is the array response vector, and ¢ 1is a spatial

angle corresponding to the direction of arrival of the signal.

a®) = [ej(—(N—l)/desin(¢))) o/ (F(N=3)/2kd sin(9))) ej((N—l)/desin(q))))]T

The total radio channel h, which is estimated from the received
signal vector, is composed by the array response vector and a
complex channel amplification ¢ which is assumed to be identical
for all antenna elements, the transmitted signal is denoted x
and 1interference including thermal noise is denoted n. The

covariance matrix for the (total) radio channel is found to be:

R,, = Efhh" Y= a(@)ec” alo)" + R, = cc” al0)al0)” + R

n,n

If an eigenvalue decomposition of Ry, is performed, eigenvalues D

and eigenvectors V are obtained such that:
R,V =VD

As the channel rank is 1 in this case with only one antenna at

the UE, there 1is only one eigenvalue > 0. The eigenvector
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corresponding to that eigenvalue 1is a replica of the array

response a (@) except for a complex scaling factor. Thus, if this
vector 1is applied as a transmit weight vector, a beam pointing

in the direction of the UE will result.

Further, in this example all elements in the weight vector will
have the same magnitude but this is not the general case. When
channel correlation is 1low, which for example occurs if the
antenna 1i1s dual polarized or if the element separation is large
there will be a magnitude variation over the elements. This is
exemplified in Fig. 2 which shows a state of the art arrangement
with an antenna part 10'y, with dual polarized antenna means, a
processing unit 21y which performs an eigenvalue decomposition of
channel estimates for finding an eigenvector to be applied for

feeding the antenna elements.

If separate power amplifiers separately feed individual branches
or antenna element formations, which 1is a very common
implementation, the magnitude wvariation in the weigth vector
results in that, since the largest magnitude will 1limit the
output power in order not to overload the power amplifier, .the
available power resources will not be utilized in an optimal way
(unless somehow used by other simultaneous users) and resource

usage will be limited

Conventionally an eigenvalue decomposition is performed over all
elements in the antenna array to find eigenvalues and
eigenvectors. The finding of eigenvalues and eigenvectors does
not require any information about the architecture of the
antenna array, which traditionally has Dbeen seen as an
advantage. Typically the amplitude varies over the elements in

the weight vector (eigenvector) which results in a reduction of
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the available maximal output power to the concerned UE for

common radio architectures.

SUMMARY

It is a general object of the present invention to provide a
base station arrangement which allows a better wusage of
available transmit power  resources in the  base station
arrangement. It is also an object of the invention to provide a
base station arrangement through which it becomes possible to
control transmit power, to be transmitted via a plurality of
antenna elements of an antenna part, such that the available
transmit power used on the channels can be more efficiently. It
is an object of the invention to provide a base station
arrangement through which wusage of available transmit power
resources can be optimized, for transmission by means of single
polarized as well as by means of dual polarized antennas, or
antenna parts wherein the antenna elements are arranged at a
considerable, or varying, distance from each other, or differ in

some other manner.

Therefore a base station arrangement as initially referred to is
provided wherein antenna elements of an antenna part are
connected by means of antenna ports to the base station
arrangement. The base station arrangement comprises a signal
processing unit to which the antenna ports are connected, in
some embodiments over feeder ports. The signal processing unit
is adapted to collect signal information from signals received
from the user station on the uplink. The Dbase station
arrangement further comprises a signal pre-processing functional
unit, which may be a separate processing unit or which may form
part of the signal processing unit, and it is adapted to collect
channel correlation information and to, wusing the channel

correlation and/or separately provided configuration
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information, detect or establish if there is one or more
distinguishing characteristics, comprising distinguishing
correlation properties and/or distinguishing configuration
related properties, associated with channels associated with the
antenna elements. The processing wunit or the signal pre-
processing functional unit, which one depends on implementation;
they may also comprise a single unit, is adapted to assign
antenna elements to different groups based on said
distinguishing characteristics. The processing unit is further
adapted to use the channel correlation information to generate
weighting information and to apply the weighting information to
antenna ports to control the corresponding antenna element
transmit power and phase individually or groupwise such that the
transmit power can be set independently for the different
groups. A number of power amplifying units are connected to the

signal processing unit.

As referred to above, state of the art decomposition based
methods do not wuse or need information about antenna array
architecture. However, 1t has here been realized that such
information often actually is available since it might be needed
for other purposes. If for example some signals are to be
transmitted not only to a specific user, but over an entire
cell, then such a cell covering transmission will depend on the
antenna array architecture and it requires knowledge about the
architecture. An example where such information is needed for
other purposes, 1s in TD-SCDMA (Time Division - Synchronous Code
Division Multiple Access) where a cell covering transmission
over four dual polarized columns is achieved by applying a phase
taper, possibly also an amplitude taper, over the antenna
elements. The architecture of the antenna path is thus known
even if the information is not needed for eigenvalue

decomposition. According to the present invention it is proposed
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to further exploit such information. However, also 1in cases
where such information is not collected or directly available,
since it is needed for other purposes, it is, according to the

present invention, suggested to collect such information.

Through the present invention it becomes possible to utilize
power resources for downlink communication to a better, or
preferably full, extent by using or acquiring information about
the antenna part and in particular about the transmission
scheme. A method is also suggested for, 1in a base station
arrangement, connectable to or comprising, an antenna part, and
comprising a ©processing unit, enabling control of downlink
transmit power resources for communication with a user station,
which 1is based on wusing, already available, or collecting,
correlation related information to determine if there are any
distinguishing characteristic(s) between antenna elements or
channels, and if so, assigning such antenna elements, for which
the channels are uncorrelated, i1.e. have different correlation
properties, or have different configuration properties, to
different groups. The method further comprises the step of
generating, 1in the processing unit, antenna element or group
related weighting information for groupwise or individual
feeding of uncorrelated antenna elements, i.e. antenna elements
for which the channels are uncorrelated, in the following also
referred to as uncorrelated antenna elements for reasons of
simplicity, or antenna elements with different configuration
properties. The method further comprises application of the
weighting information to the antenna (feeder) ports via
amplifying means while setting transmit power independently for
uncorrelated antenna elements, or for different groups, for

transmission to the user station.
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The inventive concept 1is applicable to conventional systems as
well as to so called active systems where the radio is built in
in the antenna, e.g. then comprising a base station and antenna

arrangement.

It is an advantage of the invention that available transmit
power resources can be utilized more efficiently than with known
methods. It is also an advantage that this can be provided for

in an easy and cheap manner.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will in the following be more thoroughly described,
in a non-limiting manner, and with reference to the accompanying

drawings, in which:

Fig. 1 is a simplified view of a radio base station and antenna

arrangement and a mobile station,

Fig. 2 is an explanatory overview of communication between a

radio base station and a user station,

Fig. 3 shows a first embodiment of a base station antenna
arrangement, connected to a dual polarized antenna,

according to the invention,

Fig. 4 shows a second embodiment of a base station arrangement

according to the invention,

Fig. 5 shows a third embodiment with a signal pre-processing unit
included in a ©processing unit of the base station

arrangement,
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10A

10B

11

12

shows a fourth embodiment, with single polarized antennas,
the spatial power at antenna ports being the

distinguishing characteristic,

shows a fifth embodiment with a configuration handling
means receiving/holding fixed configuration information

comprising a distinguishing characteristic,

shows a sixth embodiment with a base station arrangement
operable in a mode as described above and in a

conventional mode,

is a diagram illustrating, for static channels, a
comparison of gain in received power for an arrangement of

the present invention and in a conventional arrangement,

shows gain, for fading channels, in received power in an
UE compared to a conventional method for +/- 45° polarized

antenna elements,

shows gain, for fading channels, in received power in an
UE compared to a conventional method for 0°/90° polarized

antenna elements,

is a flow diagram describing an implementation in which a
distinguishing characteristic is extracted from

dynamically provided correlation information,

is a flow diagram describing an implementation in which a
distinguishing characteristic is provided statically to a

configuration handling means, and
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Fig. 13 shows an implementation with an arrangement operable in

two modes.

DETATILED DESCRIPTION

Fig. 3 is a block diagram of a base station arrangement 100 of
the present invention according to a first implementation. It is
connected to an antenna part 10 with a plurality of first
antenna elements 1:;, 2:, 3:, 4: having a first polarization and a
plurality of second antenna elements 1,, 2., 32, 4, of another
polarization, which is different from said first polarization.
The antenna part 10 thus here comprises four, dual polarized
antenna means or antennas. Each antenna element has an antenna
port 11:,11,,...,11s which ports here are consecutively numbered
for the respective antenna means for reasons of simplicity. The
base station arrangement 21 comprises a plurality of antenna
ports, here called feeder ports 21:,...,21g to which the
respective antenna ports are connected by feeder cables. Each
feeder port is connected to a respective power amplifying unit
41, ...,41g. Different kinds of controllable amplifying means can

be used, the invention not being limited to any specific kind.

It should be clear that the respective antenna ports and feeder
ports (for architectures with active antennas, the radio is
built in in the antenna) are used/connected for uplink as well
as for downlink communication which is illustrated in a
simplified manner, there however being only one communication
channel shown between each respective amplifier and feeder port
for reasons of «clarity. The Dbase station arrangement 21
comprises a signal pre-processing functional unit 30 which in
this embodiment is supposed to be a unit which is separate from
the processing unit 20. The pre-processing functionality can
also be performed by a pre-processing function included in the

processing unit 20, c¢.f. for example Fig. 5, or by the



10

15

20

25

30

WO 2010/142319 PCT/EP2009/057046

11

processing unit itself. The signal pre-processing unit (SPPU) 30
collects channel correlation information from wuplink channels
and, here, detecting means 22 are provided for detecting or
establishing the element (or more precisely channel)
correlation. The detecting means 22 may be provided in the
signal pre-processing unit 30 or in the processing unit, as it
is shown in Fig. 3. The processing unit 20 further comprises
grouping means 23 adapted to, based on such correlation
information, arrange or assign antenna elements into different
groups. The grouping means 23 may alternatively be provided in

the signal pre-processing unit 30.

The ©processing unit further comprises a means 24 or a
functionality suitable for performing an eigenvalue
decomposition. The eigenvalue decomposition is done for all
antenna elements in order to enable control of the electrical
phase and thus polarization. It should be <c¢lear that the
eigenvalue decomposition can be done before the grouping in the
grouping means or vice versa, 1.e. after the grouping. The
grouping means 23 are adapted to, based on correlation related
information, find elements with a high channel correlation and
to group them together. Thus, instead of a conventional
eigenvalue decomposition, where the eigenvector to be used for
transmission is regarded as a single vector, the elements of the
vector are organized into groups, based on the channel element
grouping. The elements within each group, or sub-vector, are
magnitude normalized within respective group. Since in Fig. 3
the antenna means are dual polarized, i.e. the antenna elements
are of two different polarizations, there will be two sub-
vectors wi, W, to be applied to the antenna elements of either
group, here elements from a weight wvector w; is applied to
antenna elements 1,, 2,, 3, and 4, whereas another weight vector w;

is applied to antenna element 1., 2:, 3:, 4;. The important
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feature is that the power settings are done independently per
group and that it thus becomes possible to maximize the transmit
power by setting the power to Pu.x, limited by the resource, i.e.
power amplified per branch, for the limiting branch per group

rather than for the total of all branches.

In this embodiment it is supposed that a distinguishing feature
is the polarization, detected as different correlation
properties. According to the invention it 1is sufficient to
detect that the correlation properties differ, or that channels
are uncorrelated, it is not necessary to know why, e.g. if it is
due to different polarizations or something else. Within each
polarization, a beam will then be directed in the best possible
direction, and the received power at the user equipment UE (not
shown in this figure, compare for example Fig. 2) is maximized.
Thus, according to the invention for the two groups (there might
also be more groups with different characteristics), power can
be controlled independently for each group. Fundamental is that
uplink information, correlation related information, is taken
advantage of and used for calculating eigenvectors and also for
grouping purposes. It should also be clear that there may be
other distinguishing characteristics, known or unknown, and/or

that there may be assignment into more than two groups.

In an alternative embodiment, c¢.f. Fig. 7, grouping can be done
a priori based on configuration information that may be provided
in other manners and does not need to be based on actual
estimates of the correlation matrix. For single polarized
antenna parts with a high correlation there will be one group
only, whereas for a dual polarized antenna parts (antennas)
there will be two groups, one per polarization since e.g.
vertical and horizontal polarization components fade

independently.
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In figure 3 CI (SPPU 30) relates to correlation related

information and Ax(CI) 22 indicates the establishment of

distinguishing characteristics.

Fig. 4 shows a base station arrangement 200 connected to or
comprising an antenna part 10A, with dual polarized antenna
means, comprising a number of first antenna elements 1A;, 24,
3A;, 4A; of a first polarization and second antenna elements 1A,
2B7,, 3A,, 4A, of another, different, second polarization. For an
UE, (not shown) which has a single polarized antenna wherein the
polarization is given by the gpatial orientation angle, in
communication with an antenna having dual polarizations, the
fading will be independent for wvertical and horizontal
polarization components. As in the embodiment discussed with
reference to Fig. 3, by means of a signal pre-processing unit
30A collecting uplink correlation related information, by means
of detecting means 32A, here in SPPU 30A, a distinguishing
characteristic will be recognized, different correlating
properties, due to different polarization, and, in grouping
means 33A, the antenna elements will be grouped into two
different groups. As 1in the preceding embodiment the base
station processing unit comprises an eigenvalue decomposition
means 244 arranged to, with magnitude normalization
independently for each group, form a weight vector for each
group (polarization). Weight wvector w; 1s applied to second
antenna elements 124,, 2A,, 3A;, 4A, and weight wvector w; 1is
applied to first antenna elements 1A;,...,4A;. The application of
the respective +transmit power is performed by means of

amplifying means 41A,,...,41A;.

Fig. 5 shows another embodiment of a base station arrangement

300 connected to or comprising an antenna part 10B comprising
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three first antenna elements 1B, 2B, 3B;, with a first
polarization and three antenna elements 1B, 2B;, 3B, with
another, different polarization and which are connected to
antenna ports 11Bi,...,11Bs. Here it is supposed that the signal
pre-processing functionality is included in the processing unit
20B of the base station arrangement 21B. As in the preceding
embodiments detecting means 22B, implemented as hardware and/or
software, are provided for establishing distinguishing
characteristic, which also in this case 1is different correlation
properties (here caused by different polarizations). Grouping
means 23B, which may be combined with the detecting means or
implemented as separate hardware and software means, are adapted
to group antenna elements correspondingly into two groups. An
eigenvalue decomposition is performed to find eigenvectors for
the respective groups in eigenvalue decomposition means 24B. The
eigenvalue decomposition has to be based on all antenna
elements, using the correlation information provided by SPPU
30B, and it also can be done before the grouping step. Finally
the respective weight vectors w;, w, are applied to the two

antenna element groups.

Fig. © shows an embodiment with a single polarized antenna part
10C comprising, here, four antenna elements 1C, 2C, 3C, 4cC
arranged in two groups or on two separate antenna means, which
may have different locations, directions etc. In one
implementation the antenna  means have different spatial
directions, the spatial directions hence producing the
distinguishing characteristic, (different correlation
properties) or they are spatially separated hence forming the
distinguishing characteristic in both examples such that channel
correlation between the two groups of elements becomes low. The
elements may also have arbitrary polarizations (not shown).

Thus, as in the preceeding cases, a signal pre-processing unit
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30C comprising collecting means 31C collect correlation related
information, and detecting means 32C are provided for detecting
if correlation ©properties are different, if elements are
uncorrelated. This information is used by grouping means 33C
where the antenna elements are grouped into two different
groups, 1in this case into different groups corresponding to
antenna elements 1C and 2C and 3C and 4C respectively. 1In
processing unit 20C an eigenvalue decomposition is performed in
eigenvalue decomposition algorithm holding means 24C resulting
in different eigenvectors to be applied to the two groups. Here
w; 1s applied to antenna elements 1C, 2C whereas w, is applied to

antenna elements 3C, 4C.

Fig. 7 shows a base station arrangement 500 connected to (or
comprised in) an antenna part 10D. The base station arrangement
comprises a processing unit 20D and a pre-processing unit 30D.
The antenna part 10D comprises a plurality of first antenna
elements 1D;, 2D, 3D, 4D: of a first polarization and a
plurality of second antenna elements 1D,, 2D,, 3D,, 4D, of a
second polarization. As in the preceeding embodiments a signal
pre-processing functional unit 30D is provided for collecting
channel correlation information. Also in this case it is shown
as forming a separate means or separate processor but it may as
well be included in the processing unit 20D. The processing unit
comprises means for performing an eigenvalue decomposition 34D
which in this embodiment is done after grouping, which is done
in the grouping means 33D using separately provided
configuration related information. The configuration information
is supposed to be fixed and stored and here the antenna elements
1D,, 2D:, 3D, 4D, are associated with a first distinguishing
characteristic Cl, whereas the antenna elements 1D,, 2D,, 3D,
4D,, are associated with distinguishing characteristic C2,

different from Cl. It can also be seen as a characteristic for
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which the values are different. This information may be provided
as configuration information by an operator in any appropriate
manner or it may be held in the storing means 32D for a longer
or a shorter time period, the storing means may for example
comprise a cache or some other storing facility. Thus, here the
grouping is done independently from the correlation information.
The grouping may then also be done a priori and be held in the
storing means 32D in Fig. 7. The distinguishing characteristic
may be the polarization or the distance between relative
positions of the antenna elements. As also discussed above the
eigenvalue decomposition is done on all elements. Correlation

information is used to provide the weight vectors.

Fig. 8 shows a Dbase station and antenna arrangement 600
according to still another implementation. Also in this case the
antenna part 10E comprises dual polarized antenna means, each
with a first antenna element 1E., ...,4E, with a first
polarization and a second antenna element 1E,,...,4E, of another
polarization. The antenna part also comprises a plurality of
antenna ports, 11E4, ...,11E;. The Dbase station arrangement
comprises a signal pre-processing unit adapted to collect
correlation related information and detecting means 22E for
establishing if there are any groups of elements having low
correlation between the groups. Here it can be established that
the correlation is low between certain antenna elements. Based
thereupon the antenna elements are arranged into different
groups in grouping means 23E. It should be clear that also in
this embodiment the grouping can be done before or after
performing an eigenvalue decomposition. The signal pre-
processing function unit in this embodiment also is connected to
decision means b55E which may determine to switch over between
connecting to means 50E for performing a conventional eigenvalue

decomposition to find a single eigenvector to be wused for
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transmission or to eigenvalue decomposition means 24E, according
to the present invention, based on the grouping for individual
power setting for different groups. Thus, if it is determined
that some of antenna elements have a low correlation or are
associated with different configuration properties, it can be
switched to eigenvalue decomposition means 24E wherein, for each
group, a respective vector, being subsets of the original
eigenvector, is used. If there is no distinguishing
characteristic (e.qg. different correlation properties or
different configuration properties) e.g. or 1f for some other
reason, a conventional eigenvalue decomposition may or should be
selected, a switch is done to the decomposition means 50E. The
decision may be based on external information or additional
information or any information as ©provided by correlation
information etc. In one embodiment the decision is based on the
numbers of streams or layers that are used for communication
between UE and RBS. Individual or groupwise application of
weight wvectors is applicable for single layer transmission. Even
if two layer transmission is supported, sometimes, still, one
layer, or one stream, communication 1is only used and then
groupwise transmission control, according to the inventive
concept, can be used. If conventional eigenvalue decomposition
is implemented, for all antenna elements, transmit power will be

controlled by means of the same weight vector wy.

Normally the number of antennas on the uplink and downlink are
the same enabling direct application of the suggested group or

individual based transmit power control.

The performance for a method as discussed above has been
evaluated by means of a simple simulation of a base station and
antenna arrangement comprising four dual polarized antenna means

and a single polarized UE antenna where polarization is given by
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spatial orientation angle. Independent fading for wvertical and
horizontal polarization components is applied. Average channel
power gain per polarization is a parameter and the UE has an

antenna for which the polarization is given by its spatial angle

wherein o = 0° means that the antenna has a horizontal
polarization whereas o = 90° means that the antenna has a
vertical ©polarization. First the performance for a static

channel is considered. Let the channel be static and the gain
per polarization components (vertical, horizontal) identical

according to

and for such a case it 1s possible to easily study vector
geometries in order to derive performance. It supposed that the
antenna polarizations are V/H (vertical/horizontal). The
electrical field magnitude at the radio base station antenna
array, here a single dual polarized element (here called an
antenna means with two different polarized elements), is found

to be:

£ sin g
K55 cosa
This results in an eigenvector where the amplitud relation at

the elements is given by tanO. If this is used in a traditional
(reference) way as the transmit wvector, after normalization such
that the largest amplitude = 1, the E-field components at the UE
will be:
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tan
Eypy = 1

(it is assumed that 0 < o < 45 deg).

The power received by the UE antenna is then found to be:

t
Py = (sina cosod[ a““} F= 1
1 cosdt

for 0 < o < 45 deg.

If instead the method according to the present invention, based
on grouping, 1is used, the transmit vector will be normalized per
group, in this case polarization element, resulting in an E-

field at the UE given by:

1
Eygy = 1

The received power is then found to be:
: 1 2 . 2
) =([smoc cosoc] : ) =(smoc +cosoc)

Fig. 9 discloses the relation between the power received at the
UE with the inventive method and the power received using the
conventional method, Pug,2/Pus,1, 1s illustrated. It can be seen
that a power which is considerably higher can be received at the

UE through the use of the inventive concept.

As can also be seen there is no gain for UE antenna orientation
angles around 0°. This is due to the fact that for these angles

the UE antenna polarization is basically parallell to one of the
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polarizations in the base station (it should be noted that base

station antenna polarization of 0°/90° was assumed) and the

recived power is not increased when transmitting in an

orthogonal polarization. Similarly no gain is observed at 45° as
the conventional method based on eigenvalue decomposition

results in equal or full power for both polarization branches.

One effect of increasing the output power for an element with a
low amplitude as given by the eigen value decomposition is that
power in a polarization orthogonal to the UE antenna will occur.

This power will not be received by the UE.

It should be noted that in a typical case, with fading channels,
one can not distinguish between impacts on received signal power
in the base station between UE antenna orientation and, instant
or average (depending on how long averaging is done), channel
gain. Thus the assumption of identical channel gain above 1is

just an example.

Simulations have been performed also for fading channels for
dual polarized radio base station antennas. Performance for

fading channels are illustrated for a dual polarized antenna
with +/- 45° polarization in Fig. 10A and for a dual polarized

antenna part with antennas having horizontal and vertical

polarizations respectively in Fig. 10B.

The channel has been modeled as being independent between
realizations, snapshots, and also between vertical and
horizontal components. Fig. 10A, 10B show the average power gain
and 10,50 and 90 percentile gains for received power relation of

the method according to the present invention versus the state

of the art method as discussed above, for +/- 45° (Fig. 10A) and
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0°/90° (Fig 10B) for both channel polarizations having the same
average power gain. As can be seen there is a substantial gain
in received power in the UE. The gain depends on antenna
orientation in the UE, the channel conditions as well as antenna
configuration in the base station. In all cases there is a gain

in the order of 1 dB for most UE antenna orientations.

The method according to the present invention according to one
embodiment is explained with reference to the flow diagram in
Fig. 11. A signal transmitted from a UE is received in a base
station arrangement, 100. Channel correlation related
information is collected for all available antenna ports, 101.
Then a distinguishing characteristic e.g. low correlation
between elements, 1is concluded using the channel correlation
information. As referred to above a low correlation may result
from different polarizations etc. The signals from antenna ports
are grouped into, here, two different groups depending on the
correlation properties; a high correlation between elements
indicate that they should be grouped into the same group etc.,
103. Then an eigenvalue decomposition 1s performed using
correlation information, and group specific weight vectors w;, wy
are found, 104. The eigenvalue decompositions (EVD) have to be
performed for all elements. Thus it becomes possible to adjust
the amplitude differently for group 1 and 2 respectively but it
is to be noted that the phases given by the EVD are kept, 104.
Subsequently the wl vector is applied to the antenna ports of
group 1 and w2 to the antenna ports of group 2 for groupwise

power control of the transmit power to the UE, 105.

Fig. 12 is a flow diagram schematically describing a procedure
when configuration information, which for example is static, 1is
provided separately. A signal transmitted from an UE is received

in a base station arrangement, 200, and correlation related
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information 1is <collected, 201. In storing means or via
separately arranged input means (not shown) configuration

information concerning antenna elements is provided to the radio
base station 201, and antenna elements are grouped into groups
depending on distinguishing characteristic, for example if the
antenna elements have two different polarizations, or are
located far from each other etc., 202A. The information needed
for grouping may then be already available in the base station
and fetched Dbeforehand, or be fetched when an EVD has been
performed on all antenna elements. Different group specific
weight vectors Wi, Wo are obtained, using correlation
information, for groups 1, 2 (if there are two different
groups), 203. The weigth wvector w; is then applied to antenna
ports for antenna elements of group 1 and w, to the antenna ports
of antenna elements of group 2 enabling control of the amplitude
groupwise while keeping the phases as given by the EVD in step
203 above, 204.

Fig. 13 is a flow diagram describing an implementation enabling
selection Dbetween the use of a conventional eigenvalue
decomposition method and an eigenvalue decomposition for
groupwise power, amplitude, control according to the present
invention. It is supposed that a signal trasmitted from an UE is
received 1in a radio base station, 300. As described above
correlation information is collected from each available antenna
port, 301. Some relevant information is used to assist in the
decision concerning use of conventional EVD decomposition or EVD
for groupwise control. This information may comprise
transmission related information, for example determination of
the number of streams to be transmitted, bearing in mind that
EVD for groupwise control according to the present invention is
applicable for single layer transmission. This means that

information may comprise information about if a MIMO (Multiple
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Input Multiple Output) communication system is used, or even if
MIMO is implemented, if for example only one sStream is used,
which makes the inventive concept directly applicable, 301A.
Also other information may be relevant for making the decision.
Subsequently it is determined if power maximization (groupwise
control) is selected, on condition that it is possible, 302B. If
not, or 1f for example a low interference level 1is more
important, 303B, or if there are two communication streams, a
uniform, conventional EVD is performed and a single weight
vector wy is found, 304B. The weight vector wy is then applied on

all available antenna ports for transmission to the UE, 305B.

If on the other hand power maximization was selected or if it
was determined to apply Jgroupwise or individual transmission
control, the correlation information is used to see if there are
any distinguishing characteristics, 3034, between antenna
elements (i.e. the channels associated therewith), and the
antenna elements are grouped depending on the outcome of the
examination, whereby antenna elements having a high correlation
are grouped into one and the same group. Then an EVD is
performed on all antenna elements as discussed above, weight
vectors w:, w, are found, 305A, and the amplitude is adjusted
groupwise whereas the phases given by the EVD are kept by
applying w; on group 1 antenna ports and w; on group 2 antenna

ports to control antenna element transmit power, 306A.

It should be clear that it 1is not excluded that there are more
than two groups 1in which case more weight vectors have to be

found.

The invention can be wvaried in a number of ways without
departing from the scope of the invention. Particularly it

should be clear that instead of an eigenvalue decomposition of
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the channel correlation matrix, a single value decomposition of
the channel itself could be performed. It should also be clear
that the invention is not limited to e.g. four dual polarized
antenna means, but there can be any number of single or dual
polarized antenna means. Other kinds of polarizations are also
possible, elliptical etc. In some embodiment already existing,
hardware 1is used, whereas 1in other embodiments additional

dedicated hardware is used to perform the respective functions.

The inventive concept 1is applicable to conventional systems as
well as to active antennas, wherein the radio functionality is

built into the antenna.
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CLAIMS

1. A base station arrangement (100;200;300;400;500;600) adapted
to, over radio communication channels, receive signals from, and
transmit signals to, a user station, and being adapted to be
connected to, or comprises, an antenna part (10;10A;10B;10C;
10D;10R) with a plurality of antenna elements (11,15, 24,
257 e eer 81,4, 18, 10,,2R0,,2R;5, ..., 47,40, 1B, ..., 3B;;1C,2C,3C,4C; 1Dy,
e, 4D 1B, ..., 4E)) with one antenna port (11, ...11¢,
112, ..., 1128;11R:, oo o, 11Bg; 11Cy, oo ., 11C,; 11Dy, ..., 11Dg; 11E:, ...,
11Eg) for each antenna element, and comprising a signal
processing unit (20,20A;20B;20C;20D;20E) to which the antenna
ports are connected, and a number of power amplifying units
(414, ...414;4121,...,41R4;41By,...,41B¢;41C:, ...,41Cs;41Dy, ...,
41Dg;41Ey, ...,41Eg),

characterized in

that it comprises a signal ©pre-processing functional unit
(30;30A;30B;30C;30D;30E) which is adapted to collect channel
correlation information from signals received from the user
station over the antenna ports,

detecting means (22;32A;22B;32C) adapted to detect or recognize
if there are one or more distinguishing characteristics
associated with channels associated with the antenna elements, a
distinguishing characteristic comprising one or more
distinguishing correlation properties and/or distinguishing,
separately provided, configuration related properties,

that the processing unit (20A;20B;20C;20D;20E) or the signal
pre-processing functional unit (30A;30B;30C;30D;30E) is adapted
to assign antenna elements to different groups based on
distinguishing correlation properties, and/or on distinguishing

configuration properties, and
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that the processing unit (20,20A;20B;20C;20D;20E) is adapted to
use the channel correlation information to generate weighting
information and to apply said weighting information to antenna
elements to control the antenna element transmit power for
transmission to the user station, such that transmit power can

be set independently for said different groups.

2. A base station arrangement according to claim 1,
characterized in

that it is adapted to be connected to or comprise an antenna

part wherein second antenna elements
(12,22,32,42; 1R, 2R, 3A;, 4R;; 1B,
2B,, 3B,, 4B,;3C,4C;1D,, 2D,, 3D,, 4D,; 1E,, 2E,, 3E,, 4E,) are associated

with at least one characteristic which is different from a
corresponding characteristic of a first antenna element
(11,21,3:,4:1;1A:,2R,,3R1,40,;1B1;2B1;3B,;1C,2C;1D:,1D;, 1D3, 1Dy 1E, 1E,,
1E;,1E;), hence forming the distinguishing characteristic, and
that said first and second antenna elements are assigned to
different groups depending on the existence of this
distinguishing characteristic independently of which the

distinguishing characteristic is.

3. A base station arrangement according to claim 2,
characterized in

that said at least one distinguishing characteristic being
different for first and second antenna elements 1s the
polarization, the first antenna elements (11,24, 31,44;
1A:,2A1,3A,,4R7,;1B1;2B1;3By; 1Dy, 1D,,1D5, 1Dy; 1E,, 1E;, 1E;3, 1E,) having a
first polarization and the second antenna elements
(1,,25,35,45;1R;,2R,,3R,,4R,;1B;,, 2B, 3B,,4B;; 1D, 2D,, 3D, 4D, 1E,, 2E;, 3B
2, 4E;) having a second polarization, different from said first

polarization.



10

15

20

25

30

WO 2010/142319 PCT/EP2009/057046

277

4. A base station arrangement according to claim 3,
characterized in

that it is adapted to be connected to or comprises an antenna
part wherein the first and second antenna elements have a linear
polarization, the first antenna elements having a linear
vertical polarization and the second antenna elements having a
linear horizontal polarization, or vice versa, or that the first
and the second antenna elements have a circular polarization,
the first antenna elements being left-hand polarized and the
second antenna elements being right-hand polarized or vice
versa;, or that the first and second antenna elements have non-
parallel elliptical polarizations, or that the first and second
antenna elements have a linear polarization which is +45° or
-45° for a first antenna element and -45° or +45° for a second
antenna element respectively, and that information about the
different polarization states is provided separately, and 1is
used for assigning elements to different groups, or the grouping

is based on correlation properties.

5. A base station arrangement according to claim 1, 2 or 3,
characterized in

that the signal pre-processing unit (30,30A;30B;30C;30D;30E) is
adapted to extract radio channel phase and amplitude related
information for each antenna element from signals received over
each available antenna port, that said at least one
distinguishing characteristic being different comprises
correlation properties which are different due to different
polarizations and/or different spatial amplitudes and/or
different phase distributions, and that the processing unit or
the signal pre-processing unit 1is adapted to perform the
grouping of antenna elements based on said different correlation
properties without information about what causes the different

correlation properties.
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6. A base station arrangement according to any one of the
preceding claims,

characterized in

that the processing unit (20,20A;20B;20C;20D;20E) is adapted to
use the correlation information to form a channel correlation
matrix comprising a number of matrix elements and to perform an
eigenvalue decomposition for all elements giving the weighting
information comprising weight vectors with elements belonging to
different groups and to adjust the amplitude of the antenna
elements of the different groups separately while keeping the

phase as given by the eigenvalue decomposition.

7. A base station arrangement according to any one of the
preceding claims,

characterized in

that the signal pre-processing functional unit (30,30A;30B;
30C;30D;30E) is adapted to be connected to the antenna ports and
in that it is adapted to extract or collect the radio channel

correlation information from the received signals.

8. A base station antenna arrangement according to any one of
claims 1-4,

characterized in

that it comprises or 1is connected to configuration handling
means (32D), that the configuration handling means (32D) are
adapted to receive static configuration related information from
external means, from an operator or from a manufacturer, and
that the configuration unit or the detecting means of the pre-
processing unit or the processing unit is adapted to use the
static configuration information for grouping of the antenna

elements.
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9. A base station arrangement according to any one of claims 1-
8,

characterized in

that the signal pre-processing unit is arranged separately or is

incorporated in the processing unit.

10. A base station arrangement according to any one of the
preceding claims,

characterized in

that the base station antenna arrangement comprises a second
processing unit (50E) in addition to said processing unit (24E),
or an extended processing unit, and that it is operable in a
first operational mode supporting groupwise power/amplitude
control of antenna elements, and a second operational,
conventional, mode, in which the processing unit (50E) is
adapted to generate a single, common weight vector for all
antenna elements, and that it further comprises a
reconfiguration unit comprising a decision handling means (55E)
adapted to hold predetermined decision criteria and to, based on
fulfilment of said criteria, select which of the first or second

operational mode that is to be used.

11. A base station antenna arrangement according to claim 10,
characterized in

that the decision criteria are reconfigurable.

12. A method for, in an arrangement comprising a radio base

station arrangement with a processing unit, controlling downlink

transmission to a user station, comprising the step of:

- receiving signals in the base station arrangement from the
user station over an antenna part,

characterized 1in
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that it further comprises the steps of:

13.

collecting or holding, from the signals received from the user
station at a plurality of antenna ports of the antenna part,
correlation related information concerning the radio channels
associated with antenna elements from which the signals are
received over available antenna ports,

using correlation related information or configuration related
information to determine if there are antenna elements for
which there are one or more distinguishing characteristics
associated with the channels, comprising different correlation
properties or different configuration properties, 1f ves;
assigning such antenna elements to different groups;
generating, 1in the processing unit, wusing the correlation
information, group related weighting information, for
groupwise or individual power feeding of antenna elements
associated with uncorrelated channels and/or channels having
different configuration properties,

applying the group related weighting information to the
antenna ports of the antenna elements of the respective groups
via amplifying means while setting transmit power

independently for the groups.

A method according to claim 12,

characterized 1in

that it comprises the steps of:

14.

grouping, in the signal pre-processing unit or in the
processing unit, the antenna elements depending on a first
unknown or known distinguishing characteristic comprising
different correlation properties or different configuration

properties.

A method according to claim 13,

characterized 1in
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that the first characteristic producing channels with different
correlation properties, or uncorrelated channels, 1is the
polarization in a global coordinate system which is common for

all the antenna elements.

15. A method according to claim 13,

characterized in

that the first distinguishing characteristic, or a further,
second, distinguishing characteristic, which is detected as
different correlation ©properties, is produced by different

spatial amplitudes or phase distributions.

16. A method according to any one of claims 12-15,

characterized in

that the collecting step comprises:

- extracting the correlation information dynamically from the
received signals in the signal pre-processing unit or in the

processing unit.

17. A method according to any one of claims 13-16,

characterized in

that the collecting step comprises:

- receiving from external means or holding, in configuration
handling means, static configuration information concerning
antenna elements;

- grouping the antenna elements having different configuration

properties into different groups.

18. A method according to any one of claims 12-17,
characterized in

that it comprises:
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- performing an eigenvalue decomposition of a channel
correlation matrix formed by the correlation information for
each group,

- applying different weighting information comprising group
specific weight vectors by applying the group specific weight
vectors to the different groups, such that the transmit power
applied to antenna elements of a group is independent from the
transmit power applied to another group, while keeping the

phase as given by the eigenvalue decomposition.

19. A method according to any one of claims 12-18,

characterized in

that it comprises step of:

- estimating antenna and/or channel conditions for communication
with the user station,

- using one or more predetermined criteria to determine whether
operation in a first mode applying group or individual antenna
element power feeding is to be applied; otherwise,

- switching to a second mode in which uniform antenna element

power feeding is implemented.
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