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(57) ABSTRACT

The present invention relates to a method of improving the
performance of a mobile radio communications system com-
prising at least one stationary radio transmitter for commu-
nicating with user equipments in the communications system,
wherein the radio transmitter is connected to an antenna sys-
tem for which the antenna pattern can be varied, the method
comprising: receiving direction-of-propagation information
relating to a plurality of user equipment transmission
samples, wherein a user equipment transmission sample
includes information relating to at least one direction of
propagation by which successful communication between a
user equipment and the radio transmitter has been established
at a particular point in time; selecting (303), based on the
direction-of-propagation information, active directions for
the communication of common channels from the radio trans-
ceiver; and adjusting (305) the antenna pattern used for com-
munication of common channels in accordance with the
selected active directions in a manner so that the gain of at
least one direction which has not been selected as active is
lower than the gain of the selected active directions.
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Fig. 3

collect DoT-information relating to
the DoT of radio signals transmitted between f]/BOO
a radio base station and user equipments

|

select, based on the collected
DoT-information, active directions /7/303
for the common channels

i

adjust the antenna pattern used for the
communication of common channels /LSOS
in accordance the selected active directions
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Fig. 5

identify strong dirgctlons for each ,L 500
relevant user equipment sample

compare directions from different
user equipment samples in order to q/SOS /\/303
identify superfluous directions

|

select directions that would
provide sufficient coverage 510
as the active directions




Patent Application Publication  Nov. 25,2010 Sheet 6 of 8

Fig. 6
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select direction /?/600

direction occurs in
combination with other directions
for all relevant
samples?

605

at least one
other direction not identified as
superfluous for each
elevant sample?

identify selected
direction as /*\ 615
superfluous

select new direction?

go to step 510 /\\/625
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Fig. 7

identify any clusters which always occur
in combination with other cluster and 700
indicate such clusters as superfluous /

\ §

select clusters that are not identified as 705
superfluous as the active clusters /L

Y ’U 505

check whether any directions 210
of active clusters are superfluous ’1/

reduce size of active clusters by exluding 715
superfluous directions from cluster /\/
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METHOD AND APPARATUS FOR
IMPROVING THE PERFORMANCE OF A
MOBILE RADIO COMMUNICATIONS
SYSTEM BY ADJUSTING ANTENNA
PATTERNS

TECHNICAL FIELD

[0001] The present invention relates to the field of mobile
radio communications, and in particular to the transmission
of common radio channels within a mobile radio communi-
cations system.

BACKGROUND

[0002] In a cellular mobile radio communications system,
it is of utmost importance to keep the interference between
cells at a minimum, in order to minimise disturbances on a
radio connection. This can be achieved in a cell by using
frequencies that are well separated, in the frequency domain,
from the frequencies used in nearby cells and by keeping the
frequency re-use distance sufficiently large. However, since
the frequency span available for mobile radio communication
is limited, a large frequency re-use distance means low capac-
ity of the mobile radio communication system. Hence, it is
desirable to find ways of reducing the frequency re-use dis-
tance, while keeping interference between cells at a mini-
mum.

[0003] In order to achieve a reduced frequency re-use dis-
tance while reducing interference, beam-forming antennas
may be used for the dedicated channels, so that a signal
carrying a dedicated channel, intended for a particular user
equipment, is transmitted by a beam-forming antenna trans-
mitting a beam in the direction in which the user equipment is
located in relation to the transmitting radio base station. The
beam-forming may be achieved by use of fixed beam-forming
antennas, for which the shape and direction of the transmitted
beam is fixed or quasi-fixed, or by adaptive beam-forming
antennas, for which the direction and/or shape of the beam is
adjusted in response to a signal received from the user equip-
ment for which the signal transmitted from the beam-forming
antenna is intended.

[0004] By using beam-forming antennas for the dedicated
channels, the interference on nearby cells caused by the trans-
mission of dedicated channels within a cell can be reduced, as
well as the energy consumption of a radio base station. How-
ever, for the common channels, such as for example a random
access channel, broadcast channels and pilot channels, the
situation is different. A common channel should be detectable
by all user equipments in a cell, including those user equip-
ments that have not yet performed random access. Hence,
since the location of, or even the existence of, potential
receivers of a common channel signal is not know, the com-
mon channel signal cannot be transmitted in a particular
direction corresponding to the direction of the location of the
intended receiver.

SUMMARY

[0005] A problem to which the present invention relates is
the problem of how to improve the performance of a mobile
radio communications system.

[0006] This problem is addressed by a method of improv-
ing the performance of a mobile radio communications sys-
tem comprising at least one stationary radio transmitter for
communicating with user equipments in the communications
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system, wherein the radio transmitter is connected to an
antenna system for which the antenna pattern can be varied.
The method comprises receiving direction-of-propagation
information relating to a plurality of user equipment trans-
mission samples, wherein a user equipment transmission
sample includes information relating to at least one direction
of propagation by which successful communication between
a user equipment and the radio transmitter has been estab-
lished at a particular point in time. The method further com-
prises selecting, based on the direction-of-propagation infor-
mation, active directions for the communication of common
channels from the radio transmitter; and adjusting the antenna
pattern used for communication of common channels in
accordance with the selected active directions in a manner so
that the gain of at least one direction which has not been
selected as active is lower than the gain of the selected active
directions.

[0007] The problem is further addressed by an apparatus
for improving the performance of a mobile radio communi-
cations system, wherein the mobile radio communications
system comprises at least one user equipment and at least one
stationary radio transmitter connected to an antenna system
(113) for which the antenna pattern can be varied. The inven-
tive apparatus comprises receiving means arranged to receive
direction-of-propagation information relating to a plurality of
user equipment transmission samples, wherein a user equip-
ment transmission sample includes information relating to at
least one direction of propagation by which successful com-
munication between a user equipment and a radio transmitter
has been established at a particular point in time. The appa-
ratus further comprises selecting means arranged to select,
based on the direction-of-propagation information, active
directions for the communications of common channels from
the radio transmitter; and adjusting means arranged to adjust
the antenna pattern used for communication of common
channels in accordance with the selected active directions in
a manner so that the gain of at least one direction which has
not been selected as active is lower than the gain of the
selected active directions.

[0008] By the invention is achieved that common channels
may be communicated in a mobile radio communications
system by means of a beam-formed antenna pattern. The
interference within the mobile radio communication system
can be reduced, and the relation between radio coverage and
power consumption can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more complete understanding of the present
invention, and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0010] FIG.1is aschematicillustration ofa cell ina mobile
radio communications system.

[0011] FIG. 2 is a graph showing measurement points cor-
responding to directions of arrival at a radio base station for an
indoors location of a user equipment (FIG. 2a) and directions
of arrival for the same radio base station for an outdoors
location of a user equipment (FIG. 25).

[0012] FIG. 3 is a flowchart schematically illustrating an
embodiment of the inventive method.

[0013] FIG. 4 is a graph wherein the direction of propaga-
tion at a radio base station has been plotted in the azimuth-
elevation plane for a plurality of user equipment transmission
samples (simulation result).
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[0014] FIG. 5 is a flowchart schematically illustrating a
method of selecting an active area of the common channel
transmitting antenna system according to an embodiment of
the inventive method.

[0015] FIG. 6 is a flowchart schematically illustrating a
method selecting an active area of the antenna system trans-
mitting common channels according to an embodiment of the
inventive method.

[0016] FIG. 7 is a flowchart schematically illustrating an
embodiment of a method of selecting an active area when the
directions of transmission at a radio base station generally are
clustered.

[0017] FIG. 8 is a schematic illustration of a radio base
station into which including an embodiment of the invention.

DETAILED DESCRIPTION

[0018] A mobileradio communications system 100 is sche-
matically illustrated in FIG. 1a. The coverage area of the
mobile radio communications system 100 is divided into a
number of cells 105, each being served by a radio transceiver
in a radio base station 110. The radio base station further
comprises an antenna system 113, which can include one or
more antennas. A plurality of user equipments 115 in a cell
105 can communicate via the radio base station 110 by use of
a radio interface 120.

[0019] In mobile radio communications systems, beam
forming antennas may be used for transmitting dedicated
channels to user equipments 115. The antenna pattern, and
thus the intensity, of a beam-formed radio beam is generally
concentrated to a certain part or parts of the cell 105, and the
beam-formed radio beam can be used for communication
with user equipments 115 located within a volume in which
the radio energy is sufficient. If the beam-formed radio beam
is generated by use of an antenna system 113 capable of
adaptive beam forming, the direction and/or shape of the
antenna pattern of a beam-formed radio beam may vary over
time.

[0020] Beam-forming antennas may advantageously be
used for the communication of dedicated radio channels
to/from particularuser equipments 115 for which the location
is known. The use of beam-forming antennas for the trans-
mission of common channels from the radio base station 110
has traditionally been considered to be unsuitable, since the
common channels need to detectable all over the nominal
coverage area of the cell 105.

[0021] However, according to the invention, beam-forming
antennas can be used for the communication of common
channels, provided that the radio transmission properties of
the area surrounding the radio base station 110 can be esti-
mated.

[0022] Studies of the propagation paths of radio signals
have shown that the Direction of Arrival (DoA) of a radio
beam at a radio base station 110 is often determined by
objects nearby the radio base station 110, in elevation and
azimuth as well as in polarisation. Hence, for many base
station installations, the dependency of the DoA on the loca-
tion of auser equipment 115 with which the radio base station
110 communicates is small (see “MIMO Channel Character-
istics in a Small Microcell”, ]J. Medbo, M. Riback and J-E
Berg, Proceedings of IEEE VTC’05, Dallas, September 2005
and “Wideband 3-D Characterization of Mobile Radio Chan-
nels in Urban Environment”, ] Laurila et al., IEEE Transac-
tions on Antennas and Propagation, Vol. 50, No. 2, pp. 233-
243).
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[0023] The present invention uses the findings of such stud-
ies in order to allow for beam-forming of common channel
communication. By using collected information relating to
the Direction of Arrival of radio signals arriving at the radio
base station 110, and/or relating to the Direction of Departure
ofradio signals transmitted from the radio base station 110 to
user equipments 115, the shape of the antenna pattern of radio
beams used for common channel transmission from a radio
base station 110 may be adjusted so that the antenna pattern
covers less than the nominal coverage in azimuth, and/or
elevation, and/or polarisation, of the radio base station 110,
while still providing sufficient coverage. For example, if the
radio base station 110 is located at a 3-sector site, the nominal
coverage in azimuth would generally be 120 degrees. By
using the teachings of the invention, the antenna pattern used
for transmission of common channels may be adjusted so that
it does not cover all 120 degrees in azimuth, while still obtain-
ing coverage in all active directions in the cell 105. The term
antenna pattern should here be construed as the directional
dependence of intensity of the radiation from the radio base
station 105, which can also be expressed as the gain as a
function of direction in azimuth, elevation and/or polarisa-
tion.

[0024] FIG. 2 illustrates an example of DoA measurements
obtained for a radio base station 110 by measuring the inci-
dent azimuth angle for signals received from a user equip-
ment 115 located at two significantly different locations.
Similar graphs could be plotted for measurements of the
elevation angle, and for the polarization of the received sig-
nal.

[0025] FIG.2

[0026] FIG. 2a shows measurements of signals received
from the user equipment 115 when located at an indoors
location, while FIG. 26 shows measurements of signals
received from the user equipment 115 when located in an
outdoors position. The different measurement results in each
plot basically correspond to different paths taken by the mea-
sured signal. The azimuth angle measurement results are
plotted versus the path length of the received signal, and the
signal strength of' a measured signal is indicated by the shade
of the plotted measurement (cf. the scale to the right of the
plot).

[0027] In the example of FIG. 2, it can be seen that the
azimuth angle of signals incident to the radio base station 110
are very similar for the two locations of the user equipment
115 presented in FIGS. 2a and 24. Further measurements
show that such similarity is generally obtained for most loca-
tions of a transmitting user equipment 115 within a cell 105.
[0028] FIG.3

[0029] An embodiment of the inventive method is sche-
matically illustrated in FIG. 3. In step 300, information is
collected relating to the direction of arrival and/or departure
of radio signals communicated to/from a radio base station
110 from/to a plurality of user equipments 115 served by the
radio base station 110. Such collected information will in the
following be referred to as Direction-of-Propagation infor-
mation (DoP-information), wherein the term Direction of
Propagation of a node should be construed to include direc-
tions of arrival at the node as well as directions of departure
from the node. The DoP-information would typically be
based on a plurality of user equipment transmission samples,
wherein a user equipment transmission sample includes
information on at least one direction of propagation at the
radio base station 110 by which successful communication
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between the user equipment 115 and the radio base station
110 has been established at a particular point in time (at which
point in time the user equipment was at a particular location,
known or unknown). A user equipment transmission sample
could include all directions of transmission which could be
used for communication between the radio base station 110
and the user equipment 115 at the particular point in time, or
a selection of the direction of propagation yielding successful
communication (for example the strongest directions).
[0030] The collection of DoP-information in step 300 may
for example be performed by measuring the Direction of
Arrival at the base stations 110 of signals transmitted from
different user equipments 110 in the cell at different point in
time, either in test sessions set-up for this purpose or in
ongoing traffic sessions. DoP-information may also be
obtained by identifying, for a plurality of different user equip-
ments 115 at different (known or unknown) locations in the
cell 105, directions of departure for signals that are transmit-
ted from the radio base station 110 and that can be detected by
the user equipment, either in test sessions set-up for this
purpose or in ongoing traffic sessions. Yet another way of
obtaining DoP-information is to perform simulations of
transmissions based on the radio propagation properties of
the environment in the cell 105. Long term average reciproc-
ity of the uplink and downlink parts of a radio channel can
generally be assumed, so that the transmission of a signal
from a radio base station 110 in a direction from which a
signal has been received from a particular user equipment 115
would result in a transmitted radio signal arriving at the
location of the particular user equipment 115. In the follow-
ing, the direction of a signal should be construed as at least
one of the azimuth of the signal, the elevation of the signal, or
the polarisation of the signal. The DoP-information of a
received or transmitted signal may relate to the elevation of
the signal, and/or the azimuth of the signal, and/or the polari-
sation of the signal.

[0031] Based onthe DoP-information collected in step 300,
active directions are selected in step 303 of FIG. 3, wherein an
active direction is a direction that should be covered by the
antenna pattern used for the transmission and/or reception of
common channels. The set of active directions that are chosen
in step 303 will be referred to as the active area. Generally, it
is desirable to identify, in step 303, the minimum active area
(azimuth, elevation and/or polarimetric area) of an antenna
pattern to be used for the common channels that would
achieve the desired coverage area.

[0032] In step 305, the antenna pattern used for the trans-
mission of common channels within the cell 105 is adjusted in
accordance with the active directions selected in step 303 in a
manner so that the radio energy transmitted in the non-active
directions is reduced compared to the radio energy transmit-
ted in the active directions. The radio energy transmitted in
the non-active directions should advantageously be mini-
mised. For example, if the selected active directions appear in
a set of direction clusters, the antenna pattern used for the
transmission of common channels could advantageously be
adjusted to cover this set of direction clusters, while the
transmitted radio energy in directions not included in the set
of direction clusters should preferably be minimised.

[0033] Moreover, the gain of the antenna pattern may vary
between different active directions, so that the gain in one
active direction is higher than the gain in another active direc-
tion, depending for example on path loss in the different
directions, on the shape of the nominal coverage area of the
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cell 105, etc. The gain of the antenna pattern in the active
directions may be adapted to optimise the coverage, transmit
power and interference of the common channels. In a special
case of the method of FIG. 3, a non-zero gain is desired in all
the nominal transmission directions, and the desired gain of
the antenna pattern is a function of direction. This special case
can be seen as if the direction(s) having the lowest gain have
not been selected as active direction(s) but are non-active
directions. That is, in this special case, the gain in a non-active
direction is not minimised, but set at a comparatively low
value.

[0034] Ifthe collection of DoP-information is performed in
an entity different to the entity in which the selection of active
directions is performed, for example if the collection is per-
formed in user equipments 115 or a computer system used for
simulations, then the flowchart of FIG. 3 would include a step
of sending the DoP-information from the entity performing
the collection to the entity performing the selection. Simi-
larly, if the selection of active directions is performed outside
of the radio base station 110, the flowchart would include the
sending of information relating to the adjustment of the
antenna pattern from the entity performing the selection to the
to the radio base station 110.

[0035] In order to facilitate for easy adaptation of the
antenna pattern, an antenna system 113 comprising multi-
element antennas (an antenna array) could advantageously be
used. In a set-up where the transmission of the antenna ele-
ments may be adjusted on an individual basis, the antenna
pattern could be adjusted by adjusting the beam-forming
weights of the elements of the antenna array in a suitable
manner. [n a set-up where the antenna arrays are connected to
allow transmission in two or more fixed antenna patterns, the
resulting combined antenna pattern may be adjusted by
adjusting the transmission intensity of each fixed antenna
pattern. For example, the fixed antenna patterns could be
switched in time to cover all relevant directions/direction
clusters, or two or more fixed antenna patterns could be used
for transmission at the same time, with the same or different
transmission power. If the fixed antenna patterns are
switched, the time required to complete a switching cycle
could be made rather short, since measurements show that the
number of direction clusters is generally low. An alternative
way of obtaining an adaptive antenna pattern is to use an
antenna system 113 comprising electromechanical means for
mechanically tilting and/or rotating the antennas of an
antenna array of the antenna system 113.

[0036] The same antenna system 113 that is used for trans-
mission of common channels may also be used for the col-
lection of DoP-information in step 300 of FIG. 3. When the
collection of DoP-information is performed by use of the
antenna system 113, a number of radio chains (>1) in the
uplink could preferably be used in the antenna system 113,
wherein the term radio chain refers to the radio frequency part
of a receiver and/or transmitter. When the collection of DoP-
information in step 300 is performed by means of measuring
the Direction of Arrival of signals received at the radio base
station 110, the transmitter (Tx) and receiver (Rx) radio
chains of the radio base station 110 should preferably be
jointly calibrated in order to secure appropriate adaptation of
the antenna pattern to the active directions selected in step
303. However, if switched fixed antenna patterns are used
both for measuring the received power in the uplink in order
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to obtain DoP-information, and for transmission in the down-
link, no calibration of the base station radio chains is neces-
sary.

[0037] In an initial phase of the DoP-information collec-
tion, the strong directions of transmission for different loca-
tions of a user equipment 115 are not know. However, a radio
base station 110 can be made to adaptively learn its environ-
ment. As the DoP-information collection (also referred to as
DoP training) is performed, a number of directions of trans-
mission will generally start to converge into a set of direction
clusters. In order to improve the reliability of the DoP-infor-
mation, the collection of DoP-information of step 300 of FIG.
3 should preferably include the collection of a plurality of
user equipment transmission samples obtained at different
points in time, so that a long term aggregate distribution can
be formed of directions of transmission in which successtul
communication with user equipments 115 at different loca-
tions (known or unknown) can be been achieved. Further-
more, by collecting a long term aggregate distribution, the
reciprocity of the uplink and downlink parts of the signal is
improved. If a long term aggregate distribution is used as the
DoP-information, only very small power differences between
uplink and downlink parts of a radio channel are to be
expected in the case of Frequency Division Duplex (FDD),
since the effects of fast fading would be averaged out. This
applies to CDMA as well as FDMA/TDMA systems. Reli-
able measurements could hence be obtained by collecting the
DoP-information exclusively from signals received at the
radio base station 110.

[0038] Furthermore, the DoP-information should prefer-
ably be updated from time to time, since the conditions for
radio transmission in the cell 105 may vary over time—for
example as buildings in the vicinity of the radio base station
110 are raised or demolished, the landscape is altered, etc.
The selection of active directions and adjustment of the
antenna pattern performed in steps 303 and 305 of FIG. 3
should preferably be updated accordingly.

[0039] In one implementation of the invention, the DoP-
information may be collected at regular intervals, either by
obtaining DoP-information from signals of on-going sessions
in the mobile radio communications system 100, or by send-
ing test signals from which the DoP-information may be
obtained. The collection of DoP-information could advanta-
geously be performed at rather close intervals, for example,
each time a signal in an on-going session is received, or once
per on-going session, and a long term aggregate distribution
of directions of transmission in which successful communi-
cation with a user equipment 115 has been achieved may then
be more or less continuously updated. The adjustment of the
antenna pattern for transmission of common channels in
accordance with the collected DoP-information (cf. step 305
of FIG. 3), could, for processing economy reasons, typically
be performed less frequently, such as daily, weekly or fort-
nightly. The long term aggregate distribution could for
example include user equipment transmission samples
obtained during a particular time window, such as for
example during the last 10 or 30 days.

[0040] The collection of new DoP-information and/or the
adjusting of the antenna pattern in accordance with DoP-
information obtained, can for example be triggered at regular
intervals, as suggested above. The collection of new DoP-
information and/or adjusting of the antenna pattern may also
be triggered by the other events, such as the poor performance
of'the cell 105 in terms of e.g. lost calls or lost hand-overs. The
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collection and adjusting may also be triggered manually, or in
any other manner. An implementation of the invention could
apply one of the above triggering points, or a combination of
two or more triggering events.

[0041] If the collection of DoP-information is performed
by means of signals transmitted from a radio base station 110,
a signal transmitted for this purpose could advantageously
include a direction identity, identifying the directions into
which the signal was transmitted. The direction identity could
then be reported back by the user equipment 105 to the radio
base station 110 (or to another node that would perform the
analysis of the DoP-information of step 303), in this way
providing information of the fact that the signal carrying this
direction identity was received at the user equipment 115.
Hence, a user equipment 115 would in this embodiment be
adapted to identify a direction identity in a radio signal
received from a radio base station 110, and to send, to the
radio base station 110 from which the direction identity was
received, a radio signal indicative of the direction identity.
Information relating to the signal strength of the received
signal could advantageously also be conveyed to the radio
base station 110 (or other node), in order to indicate whether
the direction into which the signal was transmitted was a
strong or weak direction for the particular user equipment
115. In order to yield a high resolution in the direction
domain, a beam transmitted from a radio base station 110 for
the purpose of obtaining DoP-information in this manner
should preferably be narrow. If measurements are performed
on test signals, the direction identity may be included in the
test signal. Alternatively, the direction identity could for
example be included in a common direction-identity channel,
wherein different direction identities could advantageously
correspond to different orthogonal codes. In an alternative
embodiment, wherein a narrow beam is swept over a direction
range, the time at which the beam was detected by a particular
user equipment 115 could be correlated with the direction
into which the swept beam was transmitted at the correspond-
ing time, in order to identify which transmission directions
yield a signal that can be detected by the particular user
equipment 115. In this embodiment, the transmitted signal
would not need to carry a direction identity.

[0042] When a plurality of user equipment transmission
samples have been obtained, each comprising at least one
successful direction, it is often the case that clusters of suc-
cessful directions can be identified. In FIG. 4, an example of
the directions of a set of user equipment transmission samples
is plotted in a diagram having the dimensions elevation angle
and azimuth angle. In the example of FIG. 4, wherein suc-
cessful directions are indicated by dark grey circular spots,
five different clusters of successful directions can be identi-
fied. When transmitting common channels in the cell 105 to
which graph of FIG. 4 relates, the antenna pattern used for the
transmission of the common channels can advantageously be
adapted to cover these clusters, while the energy transmitted
into other directions should preferably be minimised. The
areas of FIG. 4 indicated by a lighter shade of grey schemati-
cally illustrate an example of an antenna pattern that could be
used in order to cover the clusters of active directions.

[0043] As discussed above, the active area (angle and/or
polarization) into which the common channels need to be
transmitted with maintained coverage area of a cell 105 may
often be drastically reduced by identifying directions, or
direction clusters, into which the transmission of a radio
signal will result in that the radio signal will reach the desired
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coverage area of the cell 105, since the transmitted radio
signal will follow different paths and the transmission in one
direction can result in reception at many different locations.
One way of determining the minimum active area (cf. step
300 of FIG. 3) is by trial and error—the different antenna
pattern possibilities provided by the antenna system 113
could simply be compared to the DoP-information collected
in step 300, and the antenna patterns that cover all relevant
user equipment locations could thus be identified. The
antenna pattern having the smallest beam area would then be
selected as the antenna pattern to be used by the antenna
system 113. Other methods may alternatively be used for
determining the active area. For example, the selection of
active directions for the common channels could include
identifying the strongest directions for each relevant user
equipment transmission sample. In addition, local power
maxima in other directions may advantageously be identified
for the different user equipment transmission samples. By
including directions weaker than the strongest in each user
equipment transmission sample and allowing the selection of
a direction that is weaker than the strongest direction as an
active direction, the active area may often be reduced.
[0044] FIG.5

[0045] An embodiment of selecting the active directions is
schematically illustrated in the flowchart of FIG. 5, corre-
sponding to an embodiment of step 303 of FIG. 3, where the
DoP-information comprises a number of user equipment
transmission samples, each including at least one DoP having
yielded successful communication between a user equipment
ata particular location in cell 105 at a particular point in time.
In step 500, the strongest directions for the relevant user
equipment transmission samples are selected. The strongest
directions could for example be selected as the n strongest
directions for each user equipment transmission sample, or as
the directions for which the received signal strength is within
a range of m dB from the strongest direction for this user
equipment transmission sample, or by setting a signal
strength requirement which corresponds to sufficient signal
strength. Alternatively, all directions of a user equipment that
have yielded successful transmission may be included in the
strongest directions. In step 505, the directions from the dif-
ferent user equipment transmission samples are compared in
order to identify superfluous directions. In step 510, direc-
tions which have not been identified as superfluous are
selected as active directions.

[0046] FIG.6

[0047] A direction can be identified as superfluous in step
505 if it occurs in combination, for each user equipment
transmission sample in which it occurs, with at least one other
direction that is not identified as superfluous. This is sche-
matically illustrated in the flowchart of FIG. 6. In step 6, a
direction is selected from all strong directions identified in
step 500, that is, including directions that have been identified
as a strong direction for any of the relevant user equipment
transmission samples. In step 605, it is checked whether the
direction selected in step 600 occurs in combination with
other strong directions for all relevant user equipment trans-
mission samples. If not, step 620 is entered. If so, step 610 is
entered, wherein it is checked whether at least one other
strong direction is not identified as superfluous for each rel-
evant user equipment transmission sample. If this is not the
case, step 620 is entered. If so, step 615 is entered, wherein the
selected direction is identified as superfluous. Step 620 is then
entered. In step 620, it is checked whether any new directions
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should be selected from the set of all strong directions. If so,
step 600 is re-entered. If not, step 510 of FIG. 5 is entered. The
selection of directions in step 600 may be performed in dif-
ferent ways. For example, directions in which signals of lower
signal strength are received may be selected first, in order to
give priority to the stronger directions. If two directions pro-
vide similar area coverage, the direction providing the lowest
signal strength could preferably be identified as superfluous.
[0048] FIG.7

[0049] Other methods can be used in step 505 for optimis-
ing the active directions based on information about the stron-
gest directions for the relevant user equipment transmission
samples. For example, if the strongest directions identified in
step 500 generally occur in clusters (cf. FIG. 4), amethod may
be used in step 505 which is particularly suitable for identi-
fying superfluous directions within a cluster. An example of
such a method is schematically illustrated in FIG. 7. In step
700, any clusters which for all user equipment transmission
samples occur in combination with other clusters are indi-
cated as superfluous. This identification could be performed
in a manner similar to that of FIG. 6. In step 705, the clusters
which have not been indicated as superfluous are selected as
the active clusters which should be covered by the antenna
pattern used for transmission of common channels. In step
710, directions of a cluster are analysed, in order to check
whether any directions within the active clusters are super-
fluous in that they always occur, for all locations for which
they occur, in combination with other directions (cf. FIG. 6).
This analysis could in particular be performed for the direc-
tions in the periphery of a cluster, in order to identify whether
the cluster area may be reduced without reducing the cover-
age obtained by adapting the antenna pattern to the area of the
clusters. In step 715, the cluster area is reduced by removing
superfluous directions from the cluster.

[0050] A combination of discrete directions and clusters of
directions may be required in order to provide the desired
coverage of a cell 105, and the selection of active directions
(including active clusters) can be adapted accordingly.
[0051] FIG.8

[0052] FIG. 8 schematically illustrates a radio base station
110 into which the invention has been implemented. Radio
base station 110 of FIG. 8 includes receiving means 800
arranged to receive direction-of-propagation information
relating to a plurality of user equipment transmission
samples; selecting means 805 arranged to select, based on the
direction-of-propagation information, active directions for
the communications of common channels from the radio base
station; and adjusting means 810 arranged to adjust the
antenna pattern used for communication of common channels
in accordance with the selected active directions in a manner
so that the gain of at least one direction which has not been
selected as active is lower than the gain of the selected active
directions. The receiving means 100 include a port 815 via
which communication between the receiving means 100 and
other nodes of mobile radio communications system 100 may
be achieved. The receiving means 800 is connected to the
selecting means 805 via a connection over which information
relating to DoP-information may be communicated. The
selecting means 805 is further connected to the adjusting
means 810 via a connection over which information relating
to selected directions/direction clusters/direction space sec-
tions may be transmitted. The adjusting means 810 of FIG. 8
is further connected to the antenna system 113 via a connec-
tion over which instructions relating to the adjusting of the
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antenna pattern used by the antenna system 113 for the trans-
mission of common channels may be communicated. When
the antenna system 113 includes adaptive antennas, such
instructions typically includes beam-forming weights. When
the antenna pattern of antenna system 113 is adjusted by
means of electromechanical means, such instructions typi-
cally includes instructions to tilt/rotate the antenna elements
of antenna system 113, etc.

[0053] In an implementation of the invention wherein the
DoP-information is collected by means of measuring the
direction of arrival of signals received at the radio base station
110, the receiving means 800 could include means for per-
forming such measurements. The receiving means could then
be connected to an antenna system, which could advanta-
geously be the antenna system 113 used for transmission of
common channels. In implementations of the invention
wherein the collection of DoP-information is at least partly
performed at the user equipment 115, the receiving means
800 could be connected to an antenna system, and advanta-
geously to antenna system 113, in order to allow for the
receiving means 800 to receive the DoP-information. In
implementations where the collection of DoP-information is
performed at a third node, such as a simulation node, the
receiving means 800 would include an interface for receiving
information from such third node. The receiving means 800,
the selecting means 805 and the adjusting means 810 can be
implemented by suitable software and/or hardware. In other
implementations of the invention, the receiving means 800
and/or the selecting means may alternatively be implemented
in other nodes than the radio base station 110.

Division of Coverage Area into Set of Smaller Direction
Space Sections

[0054] In order to simplify processing of the DoP-informa-
tion, the nominal coverage area of cell 105 may, in one
embodiment of the invention, be divided into a set of smaller
direction space sections. The collection of DoP-information
could then include identifying to which direction space sec-
tion(s) the successful directions of a user equipment trans-
mission sample belongs. In this embodiment, it would be
sufficient to store in the long term aggregate distribution an
identification of the direction space section into which a suc-
cessful direction of a user equipment transmission sample
belongs, and information of the exact direction does not have
to be stored. Hence, the selection of active directions would in
this embodiment boil down to the selection of active direction
space segments. The setting of any parameters that are
required in order to adapt the antenna pattern of antenna
system 113 to cover different combinations of such direction
space sections could be pre-determined, and could for
example be stored in a table. When the combination of direc-
tion space sections that are selected as the active direction
space sections has been changed, the required new setting of
any parameters could be found in such a table.

[0055] An example of a division of the nominal coverage
area into a set of direction space sections is illustrated in FIG.
4, wherein a square of the co-ordinate system of FIG. 4 has
been divided into one hundred direction space sections. The
division of the coverage area into space sections could be
made to any resolution. The resolution could advantageously
correspond to the resolution at which adaptation of the
antenna pattern can be efficiently performed.

[0056] Inthis embodiment, DoP-information in the form of
an aggregate long term distribution comprising information
on successful direction space sections for a plurality of user
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equipment transmission samples could advantageously be
arranged in a matrix having at least one of the dimensions
azimuth angle, elevation angle, or polarisation. Since it is
often the case that clusters of successful directions can be
identified, the matrix can be referred to as a cluster matrix.
The cluster matrix could for example include, for each direc-
tion space section, the identities of the user equipment trans-
mission samples for which successful communication have
occurred in the particular direction space section, possibly
including the power at which the signal was received in the
direction space section and/or the path loss of the received
signal. Alternatively, the cluster matrix could merely include
the number of user equipment transmission samples for
which successful communication have occurred in the direc-
tion space section. Based on the information in the cluster
matrix, the direction space sections that have to be activated
can be identified. If information on reception power is
included in the cluster matrix, and an indication of the user
equipment location at the sampling time of the user equip-
ment transmission samples can be obtained (for example by
use of the path loss, or any other means of positioning of a
user equipment 115), the lowest power that needs to be used
for transmission in a particular direction space section in
order to obtain desired coverage may be deduced.

[0057] The graph of FIG. 4 is a graphical illustration of a
cluster matrix comprising information on the number of suc-
cessful user equipment samples in each of the direction space
sections.

Preventive Measures for Avoiding Undesired Coverage Holes

[0058] The obtained coverage area of cell 105 is defined by
the selection of active directions (cf. step 303 of FIGS. 3, 5
and 7). Hence, in order to obtain the desired coverage, the
algorithm for selecting the active directions should be chosen
with great care, since a badly designed selection algorithm
can result in undesired coverage holes in the cell 105. There-
fore, some preventive measures may advantageously be
employed in order to avoid such undesired coverage holes.
Please note, however, that the desired coverage area may
include coverage holes compared to the nominal cell cover-
age—for example, if complete coverage of a geographical
area would be very expensive to achieve, one may chose to
allow coverage holes in the nominal coverage area.

[0059] The preventive measures can be seen as ways of
updating the DoP-information collected in step 300, on the
basis of which the selection of the active directions in step 303
is performed. One such preventive measure could be to tem-
porarily include non-active directions, i.e. directions not
included in the selected active area, in the active area, during
aperiod corresponding to at least the time period required for
a user equipment 115 to perform random access. This mini-
mum time period normally varies between mobile radio com-
munications standards, and is typically of the order of sec-
onds. The non-active directions could for example be
included with some predetermined time interval, such as for
example every day, week or month, or could be included from
time to time, for example when the load in the cell 105 is low.
The non-active directions could be included in the active area
one at a time, a few at a time, or all at once.

[0060] Another example of a preventive measure is to have
an extra beam that continuously sweeps the directions that are
not included in the active area. The circumference of an
exemplary sweeping beam 400 is schematically illustrated in
FIG. 4. A sweeping beam 400 may be swept over the coverage
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area of a cell 105, and when a successful direction is detected
within the circumference of the sweeping beam 400, a con-
sideration of whether the antenna pattern should be updated
could advantageously be performed. The antenna patternof a
sweeping beam 400 could advantageously be of small cross-
section, in order to keep the increment steps of the active area
small. Once again, the beam would have to be swept at a
sufficiently low speed to allow for a user equipment 115 to
perform random access if hit by the beam.

[0061] If a sweeping beam 400 identifies a non-active
direction in which a signal is received by the radio base station
110, or into which transmission of a signal results in the
reception of a signal by a user equipment 115, the direction
could advantageously be added to the DoP-information col-
lected in step 300. If the detected successful direction is
already included in the available DoP-information, no action
needs to be taken. If not, a simple check could be performed
as to whether the location of the user equipment for which the
direction generates a successful signal is already covered by
other directions, or the detection of a successful signal in a
direction not included in the active area could trigger the
selection of active directions of step 303. In one implemen-
tation of this aspect of the invention, a criterion for the
detected successful direction to be a strong direction could be
used, so that no consideration of updating the antenna pattern
would be made unless the detected successful direction is
strong.

[0062] If an active direction has not been included in any
user equipment transmission samples for a long period of
time, such direction may be removed from the active area.
The non-occurrence time-period that would trig a removal of
a direction should preferably be set at a rather large value,
such as for example 10 or 30 days, in order keep the risk low
that unintended coverage holes are created. This is particu-
larly important for directions covering locations that are not
included in the coverage area of neighbouring cells. A check
of whether a location (or a user equipment transmission
sample) is covered by the neighbouring cells or not could be
performed prior to the removal of a direction.

Combination with Positioning of User Equipments

[0063] The invention may be combined with methods of
determining the position of a user equipment 115, for
example the Global Positioning System (GPS) or positioning
methods based on information obtained within the mobile
radio communications system 100. If the position of a user
equipment 115 is known at the time of the collection of a user
equipment transmission sample, further information may be
deduced. For example, by logging the position of the user
equipments at the sampling of all or many of the user equip-
ment transmission samples, the actual coverage area may be
discerned, and any coverage holes identified.

Logging of Path Loss

[0064] In order to adjust the power of the signals transmit-
ted into the different active directions, the path loss to the
different locations in the cell 105 for signals transmitted into
different directions may be logged during the DoP-informa-
tion collection (cf. FIG. 2, wherein measurement results have
been plotted vs. path loss). Based on the path loss data, the
transmission power of a signal transmitted in a certain direc-
tion can be adjusted to a level which guaranties a sufficient
downlink quality also for locations having a high path loss. In
this manner, the total transmitted power can be minimized
with maintained coverage area.
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Dedicated Channels

[0065] Although the above description refers to beam-
forming of the common channels, the dedicated channels of a
radio base station 110 employing the invention may also be
beam-formed. For beam-forming of the downlink part of the
dedicated channels, one of the following methods may advan-
tageously be used:

[0066] 1. Use beam-forming weights calculated from
DoA-estimation performed on the uplink part of the
dedicated channel, regardless of whether the resulting
beam is included in the active area as defined above.

[0067] 2. Measure the received power of the uplink part
of the dedicated channel in different parts of the active
area, and select for transmission of the downlink dedi-
cated channel the common-channel direction for which
the received power is the strongest.

[0068] 3. Transmit the dedicated channel in the entire
active area, without using any information obtained
from measurements on the uplink part of the session.

Blocking of Directions

[0069] The antenna pattern adaptation of the common
channels provided by the invention opens up for the possibil-
ity of blocking certain directions for transmission, for
example in order to reduce inter-cell interference. This may
be particularly useful for overcoming the problem of so called
pilot pollution in WCDMA. Pilot pollution typically occurs in
urban environments where the cell sizes are small, when the
radio base station 110 has Line of Sight (LOS) propagation in
some direction, for example along a street. If the situation is
unfortunate, the common pilot channels can be heard several
cells away. By blocking the LOS direction, the interference in
neighbouring cells can efficiently be reduced. When identi-
fying directions that should be blocked, information obtained
from user equipments 115 regarding the signal strength
received in a particular direction (or at a particular position)
from different radio base stations 110 may be used. When
selecting active directions in step 303, any blocking of direc-
tions would have to be taken into account. A direction may
manually be indicated to the radio base station 110 as being
“blocked”—for example as part of cell planning Alterna-
tively, information about which directions to block could be
obtained in a radio base station 110 from measurements per-
formed by other radio base stations 113 which serve cells 105
wherein the transmission in a particular direction causes
interference, or from user equipments 115. The decision on
blocking of a particular direction could preferably be per-
formed by a node in the mobile radio communications system
100, which could preferably have access to interference mea-
surements made by radio base stations 110 and/or user equip-
ments 115 in different cells 105 of the system 100. Such a
node could for example, in a WCDMA system, be a Radio
Network Controller (RNC). Alternatively, the decision be
made by the radio base station 110 itself.

[0070] The above description has been made in terms an
antenna system 113 of a radio base station 110. However, the
invention will also be applicable to other stationary radio
transmitters that are arranged to transmit common channel
signalling to user equipments, such as for example repeaters,
or relay nodes in a multi-hop network.

[0071] By adapting the antenna pattern used for the trans-
mission of common channels in accordance with collected
DoP-information, the power consumption of the radio base
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station 110 may be reduced while maintaining the cell size.
Alternatively, the size of a cell 105 may be increased with
maintained power consumption, since the power used for the
transmission of the common channels may be focused into a
limited number of directions, and the common channels could
therefore be made to reach further if the intensity in a particu-
lar direction is increased. Moreover, the interference in the
neighbouring cells will be reduced, and therefore, the capac-
ity of the mobile radio communications system 100 may be
increased.

[0072] The invention is applicable to all standards of
mobile radio communications, including GSM, CDMA,
WCDMA, OFDM-based standards etc. One skilled in the art
will appreciate that the present invention is not limited to the
embodiments disclosed in the accompanying drawings and
the foregoing detailed description, which are presented for
purposes of illustration only, but it can be implemented in a
number of different ways.

1-22. (canceled)
23. A method of improving the performance of a mobile
radio communications system comprising at least one station-
ary radio transmitter for communicating with user equip-
ments in the communications system, wherein the stationary
radio transmitter is connected to an antenna system for which
the antenna pattern can be varied, the method comprising:
receiving direction-of-propagation information relating to
a plurality of user equipment transmission samples,
wherein a user equipment transmission sample includes
information relating to at least one direction of propa-
gation by which successful communication between a
user equipment and the stationary radio transmitter has
been established at a particular point in time;
selecting, based on the direction-of-propagation informa-
tion, active directions for the communication of com-
mon channels from the stationary radio transmitter; and

adjusting the antenna pattern used for communication of
common channels in accordance with the selected active
directions in a manner so that the gain of at least one
direction which has not been selected as active is lower
than the gain of the selected active directions.

24. The method of claim 23, wherein the stationary radio
transmitter serves a nominal cell area; and

the adjusting is performed in a manner so that transmission

power in at least one direction which is not selected as an
active direction is lower than the transmission power
required for successful communication with a user
equipment located at a distance from the stationary radio
transmitter, wherein said distance is smaller than a dis-
tance between the stationary radio transmitter and a
border of the nominal cell area in the at least one direc-
tion.

25. The method of claim 23, wherein

the information relating to a direction of propagation

includes information relating to at least one of azimuth,
elevation or polarization of a communicated signal.

26. The method of claim 23, further comprising measuring
the direction of arrival at the stationary radio transmitter of
radio signals transmitted to the stationary radio transmitter
from at least one user equipment in order to obtain at least part
of the direction-of-propagation information.

27. The method of claim 23, further comprising

recording information relating to the direction of departure

of a radio signal transmitted from the stationary radio
transmitter; and
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associating the recorded information with at least one user
equipment transmission sample originating from a user
equipment having received the radio signal.

28. The method of claim 27, wherein

the recording includes a direction identity in a signal trans-

mitted from the stationary radio transmitter to the user
equipment, the direction identity identifying the direc-
tion(s) into which the radio signal was transmitted.

29. The method of claim 23, wherein the method further
comprises

obtaining the information relating to directions of arrival

from simulations based on estimated radio propagation
properties of the area surrounding the stationary radio
transmitter.

30. The method of claim 23, further comprising

identifying a set of directions clusters comprising active

directions and generating a cluster matrix based on the
identified clusters; and wherein

the adjusting of the antenna pattern includes adjusting the

antenna pattern so that the antenna pattern corresponds,
as well as possible, to the cluster matrix.
31. The method of claim 23, wherein the step of selecting
includes
identifying strong directions of transmission for a set of
relevant user equipment transmission samples;

comparing the directions of transmission for different user
equipment transmission samples in order to identify
superfluous directions; and

selecting directions that have not been identified as super-

fluous as the active directions.

32. The method of claim 23, wherein a nominal coverage
area of the stationary radio transmitter is divided into a plu-
rality of direction space sections in a manner so that each
direction of propagation is covered by a direction space sec-
tion, further comprising

identifying, for the directions of the user equipment

samples, which direction space section(s) cover the
directions of the user equipment samples;

and wherein

the adjusting of the antenna pattern comprises adjusting the

antenna pattern to cover at least one direction space
section.

33. The method of claim 23, wherein the method further
comprises

blocking a direction for transmission of common channels.

34. The method of claim 23, further comprising

temporarily altering the antenna pattern so that the trans-

mission power of at least one direction that is not
selected as active is temporarily enhanced in order to
detect a user equipment that is not covered by the
antenna pattern obtained in the step of adjusting.

35. The method of claim 34, further comprising, if a ran-
dom access message is received from a user equipment in a
temporarily enhanced direction:

checking whether the random access message has been

received in a direction covered by the un-altered antenna
pattern, and if not, include the temporarily included
direction in the antenna pattern.

36. The method of claim 34, wherein

the step of temporarily altering is performed by sweeping a

beam over directions to be temporarily included.

37. The method of claim 23, further comprising

measuring a path loss of a signal transmitted between the

stationary radio transmitter and a user equipment;
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adjusting the power of common channel transmission in
accordance with the measured path loss in a direction
included in a user equipment transmission sample of
said user equipment.

38. Apparatus for improving the performance of a mobile
radio communications system wherein the mobile radio com-
munications system comprises at least one user equipment
and at least one stationary radio transmitter connected to an
antenna system for which the antenna pattern can be varied,
the apparatus comprising:

a receiver configured to receive direction-of-propagation
information relating to a plurality of user equipment
transmission samples, wherein a user equipment trans-
mission sample includes information relating to at least
one direction of propagation by which successful com-
munication has been established at a particular point in
time between a user equipment and a first stationary
radio transmitter connected to an antenna system for
which the antenna pattern can be varied;

a selecting circuit configured to select, based on the direc-
tion-of-propagation information, active directions for
the communications of common channels from the first
stationary radio transmitter; and

an adjusting circuit connectable to the antenna system of
the first stationary radio transmitter and configured to
adjust the antenna pattern used for communication of
common channels from the antenna system of the first
stationary radio transmitter in accordance with the
selected active directions in a manner so that the gain of
at least one direction which has not been selected as
active is lower than the gain of the selected active direc-
tions.
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39. The apparatus of claim 38, wherein

the receiver is connectable to the antenna system of the first
stationary radio transmitter in a manner so that direc-
tion-of-propagation information may be determined
from radio signals received by the stationary radio trans-
mitter.

40. The apparatus of claim 38, wherein

the receiver is connectable to the antenna system of the first

stationary radio transmitter in a manner so that direc-
tion-of-propagation information may be received from
one or several user equipments.

41. The apparatus of claim 38, wherein

the receiver is connectable to a node in the mobile radio

communications system in a manner so that direction-
of-propagation information may be received from said
node.

42. The apparatus of claim 38, wherein the apparatus is
included in a radio base station.

43. A user equipment for communication within a mobile
radio communications system comprising at least one station-
ary radio transmitter, wherein the user equipment is config-
ured to:

receive a first radio signal transmitted from a stationary

radio transmitter;

identify a direction identity included in the first radio sig-

nal, the direction identity identifying a direction into
which the first radio signal was transmitted at the sta-
tionary radio transmitter; and

send a second radio signal to the stationary radio transmit-

ter, wherein the second radio signal is indicative of said
direction identity.
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