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METHOD FOR IMPLEMENTING WIRELESS TELECOMMUNICATION
NETWORKS

FIELD OF THE INVENTION

The present invention relates to a method for
planning and implementing wireless telecommunication

networks.

BACKGROUND OF THE INVENTION

Wireless telecommunication networks include
for example mobile telephone networks (GSM/IS-
95/UMTS/CDMA2000/TETRA), new broadband networks such
as WiMAX or local area networks such as WLAN, and so-
called broadcasting networks such as televi$ion broad-
cast and DVB-H, and other networks in which terminals
communicate wirelessly with base stations. Wireless
telecommunication networks comprise a core network and
a radio network. Radio networks must be plahned in or-
der for the user to be able to receive the signal with
sufficiently high quality. Strength and quality of the
signal are important planning criteria together with
network Capacity. The network capacity refers to the
performance of the network, i.e. how many users are
able to use the services of the radio netwbrk at the
same time. The objective in planning is therefore to
provide a network which satisfies the users’ needs as
well as possible with sufficient coverage and adequate
capacity.

Currently radio networks are being planned
using so-called planning software to first calculate
the signal range from different base station sites.
The planning software is then used to calculate inter-
ference between base stations which affects the per-
formance of the radio network. In addition, one typi-
cal type of calculation encompasses for example esti-

mating the capacities. At the end of the planning



WO 2009/101247 PCT/F12009/050099

10

15

20

25

30

35

2

process, ‘one important function of the planning sys-
tems is to operate as documentation environment which
comprises the devices of the radio network, i.e. the
so-called network elements. '

In addition to planning software, different
kinds of measuring equipment, such as field measuring
devices, a radio network control system, and different
kinds of software for comparing the planning and meas-
urement results and presenting and visualizing them in
other ways are used in radio network planning. These
functions are generally referred to as optimization
with the objective of finding e.q. possible planning
and mounting faults in the radio network. Another pur-
pose of optimization is to find solutions to the dis-
covered problems. Typically, special software 1is
available for optimization, but the most practical so-
lution is to integrate the planning and optimization
software to form one unity.

In planning radio networks, the key task is
to create a configuration and topology for the radio
network, which means locating the network elements,
i.e. associating them with a location or a position
and also with a time. For examplé the base station
site, the base station equipment including the antenna
line, and other parameters are taken into éccount in
the locating process. i

The planning engineer méy create a radio net-
work plan which is completely separate from all other
radio network plans. In real applications, however,
radio network plans are mostly such that they depend
on each other on a time line. Also the position of the
elements -included in the plans in relation to each
other affects the dependency. In other words, the
plans are interdependent in terms of time  and posi-
tion. Positional dependency may be of a physical or

logical kind. Physical positional dependency, i.e. lo-
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cation-related dependency, means.that the network ele-
ments are physically and/or geographically so close to
each other that changes effected upon them:may affect
another element close by. Logical positional depend-
ency, on the other hand, means that some elements of
the radio network system are interdependent despite
their physical distance, and in this instance, too,
changés effected upon one of them call for measures in
the other. '

In addition to these dependencies, one prob-
lem is caused by the simultaneous planning work of
many different planning engineers, which provides
problems in particular when  the time-location-
relations are close to each other. The method de-
scribed herein provides a solution for managing a com-

plex planning environment.

SUMMARY OF THE INVENTION

The present invention describes a method for
planning a radio network. The method according to the
invention comprises determining for the components and
the parameters of the radio network an association
with a location and a time. In one preferred embodi-
ment of the invention, said association with a loca-
tion is determined on the basis of geographical loca-
tion and/or logical location. Further in one embodi-
ment of the invention, said association with a time 1is
determined on the basis of a time line. vThe above-
mentioned embodiments may be realized separately or to-
gether, in which case said association is determined by
the location and the time both. Said time line may be
managed by a calendar or a clock. Accuracy of the time
unit may be selected in each case according to need,
for example with an accuracy of an hour or a day.

Further in one preferred embodiment of the in-

vention, all components of the radio network are asso-



WO 2009/101247 PCT/F12009/050099

10

15

20

25

30

. 35

4

ciated with the time line as separate or related opera-
tions. In one embodiment of the invention/ users are
informed of the operations managed by the time line.

The present invention is most preferably im-
plemented as computer software in a system including
planning- equipment and a wireless telecommunication
network with base stations.

Fig. 1 presents a typical situatioﬁ where the
network parameters are being changed. The figure com-
prises five base stations and the corresponding cover-
age areas 10 to 14. At the point of contact of cover-
age areas 11 and 12 of the base stations, the coverage
areas meet only barely. This may affect that particu-
lar coverage area.and at that particular point of con-
tact coverage of the network is only acceptable. The
signal range may be considerably weakened for example
due to weather conditions and, in that case, a shadow
area may emerge between the coverage areas. Corre-
spondingly, the coverage area may change for example
because a new and large building is constructed in the
area. This problem may be solved by adjusting the net-
work, for example the coverage area 11 of the base
station indicated in dash line so as to ehlarge it.
The coverage areas of the base stations may therefore
vary according to terrain shapes and service stan-
dards. For this reason, coverage areas of different
sizes as presented in Fig. 1 are realistic and quite
typical. ‘

In the present patent application, base sta-
tion refers to all physical and programmatic compo-
nents of the base station equipment which can be used
to affect the shape and size of the coverage area en-
compassed by the base station. Examples of such physi-
cal components include base station amplifiers, anten-

nas, filters and the like.
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In the present patent application planning
refers to planning a completely new radio ﬁetwork and
to optimizing a radio network in the form of updates
and changes performed in the existing networks. Such
further planning or optimization is necessary for ex-
ample in cases where the original plan still includes
shadow areas or the number of users in the area has
grown to such extent that new base statiohs are re-
quired to their service. Further, it should be under-
stood that in the application, analysis of the radio
network, which is necessary for the planning and opti-
mization, falls within the scope of the ~invention.
Therefore, in the present patent application optimiza-
tion and replanning refer substantially to the same
cause. _

The present invention facilitates considera-
bly planning and implementation of telecommunication
networks. The invention 1is particularly advantageous
in cases where an existing information network is be-
ing completed by adding or removing base stations ac-
cording to the need of meeting the quality of service
criteria. Thanks to the present invention, it is pos-
sible to plan upcoming changes and assess the whole so
as to be able to detect effects of the change on other
base stations and the overall coverage areé. Further,
the present invention facilitates the work of many in-
dividual planning engineers within the same telecommu-
nication network because each planner is abie to stay
informed of the others’ work. Further, one advantage
of the invention is facilitation of assessment of the
changes effected upon the network. If audibility of
the network changes contrary to the preliminary plans,
for example is reduced in a specific area due to un-
predictable interference. The present invéntion en-
ables locating the changes effected in a specific area

over a certain period of time, and for example poor
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audibility caused by interference or a complete shadow

area may be removed by corrective planning.

LIST OF FIGURES

Fig. 1iillustrates an example of the operat-
ing environment of the invention in accordance with
the known technology, :

Fig. 2 illustrates an example of a time line
according to the invention, and

Fig. 3 illustrates one example of a telecom-

munication system utilizing the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Problems caused by time dependency may be
solved by organization of the plans which is imple-
mented using a calendar or a time 1line wherein the
past and the realized plans situate behind the present
moment and the unrealized upcoming plans situate ahead
of the present moment. Each plan is dependént on all
previous plans. In other words, the time of implemen-
tation set for a plan determines against what kind of
cumulatively realized environment generatéd by the
previous plans it has been planned. If the time of im-
plementation set for a plan changes so that the order
of the plans on the time line becomes changed, one
must check if the plans are also dependent in terms of
location and, if that is the case, the plans must be
revised and, if required, corrected due to the change
effected in the order of implementation.

Logical dependencies may be discovered by
mapping the radio network using a planning tool and
examining its topology. Location-related dependency,
on the other hand, may be realized by many different
methods in the radio network plans. The easiest way is

to select a suitable distance such that two elements
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of the network which are closer to each other than
that distance can be assumed to be interdépendent in
terms of location. Another and better method is to ex-
amine the real measurable or predictable dépendencies
between elements of the radio network. By examining
measurements from an already built radio network a re-
alization of the dependencies between different ele-
ments can be discovered. In the case ofi a network
which is only being planned, or when it is not desir-
able to use network measurements, it is possible to
generate radio coverage prognoses to express the de-
pendencies and control them appropriately. It is also
possible to aim at expressing the location—felated de-
pendency by examining the parametrization of the radio
network. For example, adjacent eiements determined for
the elements of the network allow one to draw various
conclusions on the dependencies on the surrounding
elements and on their criticality.

Advantages of the present invention become
apparent - when the dependencies described iabove are
combined together in such manner.that time dependency
is combined with logical and/or location ‘associated
dependencies, in which case the logical and location
associated dependencies are combined with the moment
in time when the plan was made or with the moment in
time when the change according to the plan:is imple-
mented. |

If dependencies are found during time and po-
sition checks, the tool performs a set of checks and
based on them provides information on defects and
warnings for the user of the planning tool. In other
words, the planning engineer does not always need to
known or notice the dependencies'or problems they may
cause by him/herself. The tool is able to inform the

planning engineer in this respect. The tool is also
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able to perform a number of automatic corrections to
solve the problems.

Solution to the simultaneous planﬁing may be
provided by the time line. Plans are always located in
a row on the time line. Simultaneous plans are not ac-
cepted. The times of implementation may, hoWever, dif-
fer from each other for example only for one second.
This will always provide a determined dependency in
relation to the other plans. If a user makes a plan
and saves it to be published, it is managed by the
warnings, defect reéorts and automatic corrections
generated on the basis of the time and positional de-
pendency'checks.

Fig. 2 presents one example of such planning
tool focusing on a plan 20. In addition,: there are
past plans 22 and 23 which have already been imple-
mented, and upcoming plans 21. The figure illustrates
in dash line how they affect each other by overlap-
ping. The planning engineer is easily able to judge by
the figure which plans have been made previously or
intended for future implementation, and to determine
how they affect the plan which is being made at that
moment. i

Fig. 3 presents one system according to the
invention. The system includes a telecommunication
network comprising three base stations 30, 31 and 32
and a core network 33. Further, the system'includes a
workstation 34 provided with software for entering the
parameters of the planning software into the actual
telecommunication network. In addition, ;the work-
station software is able to receive, automatically or
separately entered, statistical data or measurement
results. The planning software run on the workstation
34 applies the method as described above to determine
the dependencies between base stations. When the pre-

sent invention is utilized in the system, the opera-
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tion of the presented base stations 30, .31 and 32
changes according to the plans, affecting the signal
strength and thereby the geographical and logical cov-
erage area. The signal may either strengthen or weaken
depending on the situation. Further, new base stations
may be introduced in the system;’in which the location
may affect the already existing base stations and the
telecommunication signal produced by them. Also other
changes which affect the propagation of the telecommu-
nication signal produced by the network may be ef-
fected in the system. In addition to thos€é mentioned
above, the changes may encompass other settings known
by the person skilled in the art which may be program-
matic or changes effected in the existing base station
equipment. :

In one embodiment of the invention, the sys-
tem includes measuring equipment 35 which in the exam-
ple of Fig. 3 is so-called field measuring equipment.
Typically, the field measuring equipment comprises for
example a mobile telephone provided with suitable pro-
perties, a mobile telephone and pc equipment, or a se-
parate meésuring device designed for that purpose. In
the example of Fig. 3 the measuring equipment‘35 meas-
ures the coverage area of the radio network produced
by base stations 30 and 31. Location of the measuring
equipment 35 is known for example by using satellite
positioning. Typically, telecommunication networks are
provided with systems which collect the equivalent
kind of statistical data, but the problem is that a
sufficiently accurate location of the measured users
cannot be determined. In future, location-related in-
formation is transmitted from terminals prdvided with
satellite positioning means to a statistics collecting
system. The above-mentioned statistical data or the
measurement data collected by the measuring equipment

35 is transferred to the workstation 34 in which the
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data can be analyzed and used to facilitate planning
and optimization. :

Plans, optimizations and changes performed by
the workstation 34 are entered in the telecommunica-
tion netWork in the manner available in each particu-
lar network. The network may comprise a centralized
control system or they can also be entered directly in
said base stations. In many cases, changes which re-
quire visits by the technician on the spof to imple-
ment them are also made in the base station. One exam-
ple of such change is rotating the antenna.

The invention is not limited merely to the
exemplifying embodiments referred to above; instead,
many variations are possible within the scope of the

inventive idea defined by the claims.
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CLAIMS

1. A method,
characterized in that an association with a
location and a time is determined for the components
and parameters of a radio network.

2. The method according to claim 1:, char-
acterized in that the method furthef comprises
the steps of:

measuring the properties of the radio network;
determining an association with a 1location and a
time for the acquired measurement results.

3. The method according to claim 1 or 2,
characterized in that said associaﬁion with a
location is determined on the basis of geographical lo-
cation aﬂd/or logical location.

4. The method according to any one of the
preceding claims 1 to 3, characterized in
that said association with a time is determined on the
basis of a time line. .

5. The method according to claim 4; char-
acterized 1in that said time line is managed by a
clock and a calendar.

6. The method according to claimz 4 or 5,
characterized in that the time line is man-
aged with the accuracy of a predetermined time unit.

7. The method according to any one of the
preceding claims 4 to 6, characterized in
that all components of the radio network are associated
with the time line as separate or related ope'rations.

8. The method according to any one of the
preceding claims 4 to 7, characterized in
that users are informed of the operations managed by
the time line.

9. The method according to any one of the
preceding claims 1 to 8, characterized in

that said method 1s used in a radio network for at
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least one of the following: planning, measuring, opti-
mization and analysis.

10. A computer program for planning a radio
network, stored on a storage medium which is readable
by data processing means, characterized in
that when executed in a data processing equipment said
computer program is arranged to perform the method ac-
cording to any one of the preceding claims 1 to 9.

11. A system comprising: _

a wireless telecommunication network comprising a
number of base stations (30,31,32), each of the base
stations covering different geographical ‘areas and
forming together a continuous audibility range; and

a workstation (34) including general data proc-
essing means comprising a processor, memory, mass mem-
ory and a bus;

characterized in that said. workstation
is arranged to execute the computer program according
to claim 10 by the processor.

12. The system according to claim 11, cha -
racterized 1in that the system further comprises
a measuring equipment (35) arranged to provide measure-

ment results to said workstation (34).
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