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(57) Abstract: The present invention relates to a method and a
software product at a mobile telecommunication and data commu-
nication system. More exactly the method intends to make possi-
ble an efficient pilot channel planning in a CDMA -based cellular
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where the objective function includes a coverage related term and
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ure the power output values of pilot channels so that the numerical
value of the objective function is maximized.
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Method for configuring the power output of the pilot
channels in a cellular radio network

Technical field

The present invention relates to a method, a system and
software to plan and configure mobile telephone systems.
More exactly is related to a method, a system and software
to efficiently determine the power output of the pilot
channel in different cells in a cellular mobile telephone

system.

Prior art

In all mobile radio communication systems the supply of
frequencies is a limiting factor. Each operator has one or
more parts of the radio spectra allocated to him/her and
must optimize the use of frequencies in order to offer high
capacity, high quality and, with the new mobile telephone
systems which at present are implemented, also flexibility
regarding transmission speed and type of transmission. In
TDMA-based (Time Division Multiple Access) networks, as for
instance the globally distributed GSM-system, and the in
North and South America common TIA/EIA-136 (TDMA), it is
primarily the frequency planning which is, and has been,

the object of optimization.

Communication systems based on CDMA-technology (Code
Division Multiple Access), for instance UMTS (Universal
Mobile Telecommunication System) and IS-95, are inherently
interference limited. In such systems is of greatest
importance that the radio network is planned to provide an
optimal, or almost optimal, utilization of the allocated
frequency range. Centrally for the planning of the radio
network in CDMA-based systems is the so called pilot
channel (CPICH). The pilot channel is used by the mobile
terminal to search for best cell when the mobile terminal
is switched on, and to with continuous measurements

determine which cell that for the time being offers the
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best communication possibility, which constitutes the base
for decision of change of cell. During communication,
measurements on the pilot channel are used as base for
decision of change to another cell (handover). By the
mobile terminal received signal strength at a given point
within a cell is determined by the power output of the
pilot channel in combination with the radio environment,
that is, among other things fading, shadowing and
interference. The power output of the pilot channel by that
constitutes a way to define the traffic coverage area of
the cell, or in other words the coverage of the cell. Also
the capacity of the system is influenced by the power
output of the pilot channels, since the total emitted power
output within an area controls available capacity. The
pilot channels are described more in detail in the UMTS-
document TS25.211.

In most existing systems the pilot channel planning, as
well as frequency planning for TDMA-based systems, so far
preferably has been made manually. Frequently a “trial-
error”-method is applied where the different power output
of the pilot channels are determined manually either based
on measurements or expected behavior of the radio network.
After that, the pilot channel plan usually is tested with a
simulation tool to check if wanted power is achieved. In
most cases a great deal of re-location and a number of
simulations are required to achieve a good result. The
trial-error-methods are time-consuming and have to be
executed by specialized and experienced staff to provide
optimized systems. Due to this, many radio networks in

operation are not optimized.

The need for optimizing radio networks with methods which
are possible to automatize consequently is great. In US
patent 5,859,839 by M.T. Ahlenius et al, a method is

described to automatically select power for pilot channels.
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For the radio network which shall be optimized, a number of
different values in a number of points are determined which
intends to describe the system. Values can, for instance,
be interference, hand-off-value, power, traffic load and
weighting with regard to, for instance, type of
communication. The values are collected in different meshes
to make it possible to evaluate them and provide a picture
of the performance of the radio network. Optimization is
performed according to the principles for simulated
annealing, but other optimization algorithms are mentioned,
for instance genetic. At the optimization, certain power
output of the pilot channels and the “meshes” are evaluated
to find out if an improvement in performance has been
achieved. The evaluation of the ”“meshes” and the weighing
together of their importance for the performance of the
radio network can be an extensive and time-consuming
process. From the document is not evident how an
unequivocal numerical value for the performance of the
radio network shall be calculated, and for that reason it
is desirable to find other methods to, from a time
efficiency point of view, describe the performance of the

radio network.

Patent application EP 1028543 by D. Di Huo describes a
method for downlink power control which also can be used
for pilot channel planning. Noise level and wave
propagation are measured at a number of points in the radio
network, and the power output in downlink is calibrated to
satisfy a predefined objective value. The objective value
here is a predefined value, a ”“recommended” wvalue, and does
not necessarily represent one for the system as a whole

optimal condition.

Summary of the invention
The aim of the present invention is to reduce above

mentioned problems to achieve an efficient pilot channel
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planning in one for CDMA-based cellular mobile telephone

system.

This is achieved by a method and a software product
described in the characterizing parts of the independent

patent claims.

Owing to that the method according to the invention
utilizes an objective function which describes the
performance of the cellular radio network and includes a
coverage related term and a capacity related term, the
power output of the pilot channels can be configured so
that the capacity is optimized at the same time as demands

on coverage are satisfied.

One advantage with the present invention is that the
objective function need not be simulated but can be
calculated, which considerably reduces the need of

processor power and time.

Another advantage of the present invention is that no
particular verification step including simulation need to
be performed to get a measure of the performance of the

system.

Brief description of drawings
Figure la-b shows a cellular mobile telephone system in

which the present invention can be utilized.

Figure 2 shows a flow chart for pilot channel planning

according to the present invention.

Description of embodiments
Figure la is a schematic drawing over a cellular mobile
telephone network of the type in which the present

invention can be utilized. In the Figure a number of
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hexagonal cells 100, with a base station 110 located
centrally in each are shown. The drawing shall be regarded
as an idealized picture of a cellular network. In a real
network the size and form of the cells vary considerably,
for one thing because of topographical reasons, but also
for making it possible to offer higher capacity and
different degrees of service in different areas. In
networks based on CDMA (Code Division Multiple Access) and
W-CDMA (Wideband-CDMA), such as networks according to the
standard UMTS (Universal Mobile Telecommunication System)
the size of a cell is defined by the so called pilot
channel, in the standard called CPICH. This is done by a
mobile terminal, exemplified by mobile terminal 120 in
Figure 1, continuously measuring which cell that provides
the best communication possibility. The estimation is based
on RSCP (received signal code power). The received signal
strength, RSCP, depends on the transmitted signal strength
of the pilot channel, the position of the mobile terminal
in relation to the base station, and the propagation
(attenuation) of the radio waves. The signal strength of
the transmitted pillot channel consequently can be used to
determine the traffic coverage area of the cells, that is,
the size of the cells. The power output of the pilot
channels from base station No. n is represented by

PICH CcPICH PICH
Py ( P r ppoFEC

in Figure 1 exemplified by p5CFICH) |

och
Each base station further has a maximum available power
output designated, Pn,max, (Pi,maxr P2,max, and Pz max) . Often
there is also one by license providing authorities
stipulated lower limit, which the RSCP of the pilot signal
must not fall below. In for instance Sweden this limit has
by the National Post and Telecom Agency, PTS, been set to
58 dBuvV/m for at least 95% of the area. The designation Pjy;
is used for the wanted signal level of the pilot channel
and Ptarget fOr the wanted area probability. Limits as this
in combination with the definition of the traffic coverage

area in interaction with other cells and the satisfying of
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capacity and quality demands in different parts of the
network are basic parameters for the pilot channel
planning.

The power output ppSFreH

of the different pilot channels, as
well as a number of other parameters and all call control,
are set via one (or more) Radio Network Controllers, RNC)

130, with which all base stations 110 communicate.

Pilot channel configuration is normally performed at start-
up of a new network, or when parts of the network have been
changed, for instance when new base stations (new cells)
have been installed. Further it can be advisable to perform
a reconfiguration of the pilot channels if the network does
not show the performance which has been expected or in
order to take into consideration changed conditions in the
radio environment. It is also possible to dynamically pilot
channel configure in order to better follow changes in

traffic load during for instance a day.

Figure 2 shows a flow chart for the main steps of the
method for pilot channel planning according to the present
invention. A mathematical description of certain for the
performance essential parts will be given below. In this
embodiment is assumed that the following is known about the
radio network: a) The locations of the base stations are
fix and known, b) The wave propagation is known, or can be
calculated with good accuracy by means of for the expert
well known methods, c) The distribution of the traffic over
the area is known or can be calculated or approximated.
Centrally for the method is the defining and calculation of
an objective function Frrz, which shall express the
performance of the radio network by a numerical value. The
objective function must in a correct way describe influence
from the power of the pilot channels on the network from

all relevant aspects. In addition, the objective function
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must be possible to calculate in a time efficient way. The

pilot planning method includes the steps:

205.

210.

215.

The radio network, or that part of the radio network
which shall be power output configured, is divided
into smaller areas. The areas should be small enough
that neither received signal strength nor distribution
of traffic varies considerably within the area. In the
following calculations and the optimization, constant
received signal strength and constant distribution of
traffic within the areas is assumed. The number of
areas are designated M, and each area O,. (p=1.M). In
Figure 1lb is schematically shown how a part of a radio
network can be divided into smaller areas 0O,. In Figure
1b a regular, uniform and with identically large sub
areas, Op, division of the radio network is shown. Such
a type of division is easy to make, but in some
applications it can be advantageous with an irregular
and/or not uniform division. For instance can
knowledge of the topology, the geography or expected
traffic intensity indicate that it is better with a
more detailed division in some part of the radio

network than in others.

In a second step, the attenuation of the radio signal
of the pilot channel between the base station n and
the area O, is calculated (where n can be any of the
base stations within the area which shall be planned)
according to for the expert known methods for wave

propagation. The attenuation is represented by A,".

In a third step is assumed that the average number of
active users within O, of service number s (where s = 1
can stand for the speech service, s = 2 streaming etc)

is known and equal to p,°.
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In a following step, initial values are given to the

pilot channel power, P,"FF

. These can, for instance,
however not necessarily, be selected equal for all
base stations and with sufficiently high level to meet

the coverage demand.

In this step the objective function is calculated

according to:

'FIII = _IQO_(FL‘.OV + ZVVnHI (Pmax,n - PnTOT )] ( 1 )

Z P max,n

n

and

where WIII — {1’ # ‘PnTOT S 'Pmax,n
n k

, Otherwise

_ O; ifpcovzptargel
cov loo(pcov —-b arget )kCOV

The objective function according to this embodiment
has two principal terms which attend to that the
objective function meets the demands which have
previously been described. These terms are a coverage
related term, Fev, which attends to that the coverage
demand is met with, and the remaining term, which is
related to capacity and quality. The coverage term
punishes networks which have too low coverage area by/
with the weight keow for each per cent the coverage is
below the objective. The capacity term consists in
principle of the average value of the remaining power
margin (in W) which are in the cells. This, however,
only applies when no cell exceeds its maximum power
output. If this occurs, this is punished by/with the
weight ky for each exceeding W. The weights are free
parameters which normally are indicated at the
utilization of the method. The including terms will be
defined, and the necessary mathematical operations
will be described below.
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optimized with regard to the power output of the pilot

channels, waﬂm.

The optimization can for instance be
based on that the power output of the pilot channels
are modified and the objective function is calculated
according to step 225. Preferably a genetical
algorithm is used (described below) for the
optimization, but also other methods, as for instance

simulated annealing or evolution methods, can be used.
235. In a finishing step the new values, P,“F*, for the

pilot channel power output is transmitted/transferred

to respective base station via RCN:130.

Mathematical description of the objective function

The objective function according to the present invention

and which is calculated in step 225 is given by:

= S s

Z P max,n
n 1
if B/ <P, .

max,n

WnIII — 1’ .
k, otherwise

where

_ Oa lf Doy Zplﬂl”gﬂ”
cov 100(pc0‘, — D arget )kcov

Pcov 15 the obtained area probability and the total power

ToT

output Pp are given by the matrix equation

P =(1-Q)'A (2)



WO 03/079574 PCT/SE03/00392

10

15

10

where
f)ITOT A]
_ PTOT _ A
10T 2 2 —
P = . ’ A= and Qnm - pra)pm
. : PeQ,
0T .
Py Ay

On represents the coverage area for cell number i,

consequently the amount

CPICH CPICH
Qn = {pa Pﬂ/ln > Pm/lm Vm# }’l} ( 4 )
4 P

and b (p) represents the serving cell for the area p. If

pe0, then n=bQﬂ applies.

A, represents the load weighted average value of the wave

propagation attenuations for cell number n,

A" = ZxPNP
peQ,
& CPICH
common
Np =N02’11;(p)+2(})n +‘F;x " ’yopn (5)
n=1
i (n#b(p)); @, =1-a)
Dpy = Py P)) pbip) — :
n
where P,°°"™°" is the power output for the “common control”-

channels in cell number n. These are set with/by a constant
offset, D (in dB), in relation to the power output of the
pilot channel.

A
common __ 10 pCPICH
‘Pn =10 Pn

Further, Ny represents the noise power within the
bandwidth, N the number of cells, and finally the load

contribution from area p is represented by xg:
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(1 - a)Rsys
+(-2)Ryy,

xP=Zp;W (6)

In this expression, Rs stands for the data rate for service

number s, and ¥ for the Signal/Noise-requirement (Ep/No)
(actually bit energy over noise power density) for service

number s.

Free parameters which are set during the utilization of the
method for pilot channel planning are keov, kw and D.
Suitable values of these parameters are given in the
examples below. kgv 1s selected preferably so that Feov
always is higher than the capacity term. ky preferably
should not be selected so small that the system selects to
give an individual cell too high power output (”"blocking”)
in order to in this way make i1t possible to provide higher
capacity in other cells. At the same time ky should be
selected so that the proportion between Fg,v and the

capacity term is preserved.

It should be noted that the here suggested objective
function can be calculated and need not be simulated, which
is common in the known technology. That the objective
function can be calculated results in great saving of time.
Further saving of time is achieved by reformulation of the
problem, as is given by equation (2). Equation (2) implies
that there is needed a matrix inversion to determine the
total power output. The matrix which shall be inverted, 1-
Q, is an N x N matrix (where N is the number of cells),
which in all normal cases is a relatively rapidly executed
operation. Without the reformulation, instead a matrix of
the size M x M has to be inverted (M is the number of small
areas, Op). The saving of time thanks to this reformulation

is extensive, since the time that is required for a matrix
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inversion is proportional to the cube of the number of
columns (or lines) of the matrix. Typically N is of the
magnitude 10?, whereas M is about 10*. The saving of time

consequently is about one million, 10%, times.

Alternative formulations of the objective function

The objective function can, which will be obvious to the
expert, be formulated in many different ways and yet be
within the frame of the present invention. A number of such
alternatives are described below. In the below described
embodiments it is primarily only the framing of the
objective function that is varied, that is step 225. The
preceding initiation steps, as well as the subsequent
optimization steps, are essentially executed in the same

way as previous.

In a first alternative embodiment, the objective function
is intended to give full coverage and at the same time
maximize the average value of the power margin (in dB)
between the total available power output the CPICH power
output for all cells. The distribution of the traffic load
is not taken into consideration. The objective function,

Fr, is given by:

1

F =

max,n

[‘F’cov + ZVV,,I (1010g PCPICH _].OIOg RIC'PICH ))

cells

WI_¥’ifR?MYSPmm{

max,n
n

k, otherwise

Alternatively can instead the absolute power margin (in mW)
be utilized, which gives the expression for the objective

function Fir:
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py =L (F #> o (peree — peren )j (8)

cells

In the following objective functions also the distribution
of the traffic load is taken into consideration. Frrr was
described in detail above. The objective function Fiy offers
an alternative way of regarding the traffic load. The total

ToT

power output P, ~, respective the maximum available power

output Pp,,max, can approximately be described according to:

10log P, = const.—10log(l- X,..,)

max,n

10log P/°" = const.—10log(1- X,)

where the constant includes all load independent terms.
Maximum load respective current load per cell is given by
Xpax,n respective X,. If the equations above are used to give
a measure of the load margin, Xy = Xpax,n—Xn per cell, the

following expression is obtained:

PTOT
XM,n =Xmax,n _Xn :XM,n =(1—Xn l_ -

max,n

and the objective function can be formulated as the average

load margin for all cells:

100 pror
F, = F _+>(U-X }1-—— 9
w N [ cov 2( n{ P Jj ( )

cells max,n

The objective function Frr can be extended to also take into
consideration the traffic load by each term in the sum
being weighted by/with the load describing factor 1/(1-Xj).
Cells with a traffic load exceeding 100% are discriminated
by/with a weight factor ky. The objective function then

will have the form:
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] PCPICH _ PCPICH
FV = Nl (Fcov +ZVVnIVV1: maX,"I—X"
cells n n (1 O)
if X, <1

4 1,
W =
" \ky otherwise

Description of the optimization step

The optimization step, 230, consists of a number of stages.
The here suggested method for optimization, genetic
algorithm is known but has been modified for the current
problem, and the modifications are described below. For a
complete description is referred to ”“A Genetic Algorithm
for Function Optimization: A Matlab Implementation”, by C.
Houck, J. Joines and M. Kay, ACM Transactions on

Mathematical Software, 1996.

The adaptation of the genetical algorithm to be used for
the pilot planning problem is composed of the
implementation of a mutation and a crossover, and the
selection of individual. An individual is the amount of
pilot power output for all cells, {meﬂm, Y n<N}. The
mutation is a function which maps an individual on a new
individual, that is, creates a new individual on basis of

an old one. The following procedure is used:

1. Select randomly K different cells. (K is a free
parameter) .

2. For these K cells the pilot power output is randomly
modified (each of them differently) according to

PCYICH - pCHICH | STEPx (2x rand —1) [dBm]

n,new

rand € Uniform(0,1)

STEP is set by the user and rand is a uniformly distributed

random number.
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The crossover function maps two (parent-) individuals on
two new (child-) individuals. It functions according to the

following:

1. Select a number randomly between 1 and N. Call this
number z.

2. Change the pilot power for cell number z between the two
parent individuals. In this way two child individuals are
created.

The genetic algorithm modifies in each step the set of
individuals (called population) by means of the functions
mutation and crossover. After that, a selection process 1is
applied on the population, which on basis of the objective
function value, calculated according to equation (1), step
225, selects which individuals that shall be allowed to
proceed to next step. The selection process is a ranking
function based on the normalized geometrical distribution,
which is a standard selection process for the genetical

algorithm (see ).

The optimization step here has been exemplified by a
genetic algorithm, which is a preferred embodiment of the
invention. Experts, however, will realize that a number of
other optimization algorithms, as for instance simulated
annealing or evolution algorithms, as well as simulation
methods of Monte Carlo-type, can utilize the advantages of

the suggested objective function Frrr.

Test and verification of objective function and

optimization algorithm

To verify the applicability of the here described
embodiments of the present invention, here a test scenario
consisting of 16 cells is described. The cells form a
hexagonal square network with a distance between the base
stations of about 346 m, which gives a longest distance

from base station to cell border of 200 m. The network was
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divided into a rectangular square pattern, with 20x20 m
large squares, which provided 5329 square points. The
traffic was assumed to consist of only speech, with a bit
rate R, of 12200 bits/s and a signal/noise-target (Eb/No)
of 7,9 dB. The traffic load was assumed to be distributed
to three hotspots with even load distribution between them.
Two different traffic loads, one low and one high were
tested. Further, values according to Table 1 were used to

simulate an urban environment.

Table 1, parameters for test scenario

Parameter Value
Losses in 3 dB
cables & connectors

Cell radie 200 m
Antenna height of the 1.7 m
terminal

Antenna height 25 m
Max power output 43 dBm
(Node B)

Frequency 2,140 MHz
Shadow fading std. 7 dB
Shadow fading site 0.5
correlation

Shadow fading 110 m
correlation distance
Orthogonality 0.5
factor (a)

The optimization for the different objective functions was

performed in 2000 steps (generations). The weight factors
had been selected according to Table 2. As reference a
network where all CPICH-power output had been set equal was
used. The result after 2000 generations is shown in Table

3.
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Table 2. Weight factors
Objective |kcov ki kx Ptarge | Pivi
function t
1 1-10° 1000 95% |-85.2
dBm
2 1-10° 1000 95% |-85.2
dBm
3 1-10° 1000 |- 95% |-85.2
dBm
4 1-10° - - 95% |-85.2
dBm
5 1-10° 1000 |1-10° |95% |-85.2
dBm
Table 3. Results
Objective |Final CPICH Average Average CPU time
function objective |cover- CPICH total [s]
function age power power
low/high low/high |output output low/high
load load [dBm] [dBm] load
low/high |low/high
load load
Reference - 95.01% 37 / 37 39.9 / -
41.5
1 58.61 / 95.08% 37.7 / 41.8 / 393 /
58.61 37.7 48 350
2 16364 / 95.01% 35.5 / 38.7 / 390 /
16364 35.5 40.6 358
3 63.44 / 95.01% 35.5 / 38.6 / 3924 /
45,74 35.9 40.3 3802
4 60.21 / 95.01% 35.5 / 38.7 / 4205 /
39.66 35.6 40.7 4052
5 16035 / 95.01% 35.6 / 38.7 / 666 /
15472 35.5 40.5 646
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At inspection of Table 3 can be seen that the here
suggested objective functions in combination with the
optimization steps, provide an improvement with regard to
both the average power output of the pilot channels (CPICH)
and the average total power output, with reasonable/

moderate process time (CPU-time).

The objective functions and the optimization algorithm have
here been used to optimize the pilot channel power. The
location of the base stations have in this analysis been
assumed to be fixed. The here described method can also be
used to optimize the location of the base stations. Then

objective function 1, Fr, or the like is preferably used.

The aim of the present invention is to optimize the pilot
planning in a CDMA-based cellular network for mobile
telephony, here exemplified by W-CDMA cellular network
according to the UMTS-specifications. The invention should
be possible to utilize, with minor modifications in CDMA-
networks according to IS-95, and the further development of
CDMA according to IS-95 which are under development. As the
expert realizes, similar methods can be usable also for
other optimization of cellular radio networks, but requires
that the objective functions are re-defined to describe the
current need of optimization. Optimizations where the
method according to the present invention can be utilized
can for instance be frequency planning in GSM-networks,

base station power output in GSM- or TDMA-networks etc.

The method is easiest applied in form of a software
product, where the definition of objective function and
input of necessary parameters to describe current radio
network can constitute one module, and the optimization
algorithms another. By a module construction can, for

instance, change of optimization algorithm easily be made.



WO 03/079574 PCT/SE03/00392

10

15

20

19

The software can be stored in, and be executed on, a
computer, preferably a PC, work station, or if high
calculation capacity is needed, a specifically dedicated
computer. The computer is suitably in connection with the
mobile telephone system for easy transmission of
received/obtained CPICH-values to the base stations,
preferably put through/transmitted via the RNC. If the
power output of the pilot channels shall be managed
dynamically, the software product should be implemented so
that information rapidly can be transmitted between the
computer which performs the optimization and the control
functions of the radio network. The software product can be
provided and/or marketed for instance stored on computer
storing media such as diskette, CD, DVD, or be transmitted

for instance via Internet.

The above described embodiments can be modified in many
ways and be varied within the frame of the basic idea of
the invention. Such variations and modifications are
regarded to be within the frame of the invention as it is

defined in the enclosed patent claims.
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Patent claims

1. Method to, in a cellular radio network, configure
power output of pilot channels, radio network
5 including a plurality of cells and to each cell an
associated base station and a pilot channel,

including the steps:

division of the radio network, or part of the radio

10 network, into subareas/parts of area,

estimation of the attenuation (ﬂgﬂ of the radio
signal for all, or defined combinations of,
subareas/parts of area and cells,

15
estimation of type of traffic and traffic load within

each subarea/part of area,

calculation of an objective function to get a
20 numerical value regarding the quality of the radio
network, or part of the radio network, on basis of a

configuration of power output of pilot channels,

optimization with the aim to configure the power
25 output values of pilot channels so that the numerical

value of the objective function is maximized,

characterizedin

that the division of the radio network, or part of
30 the radio network, is so made that in each subarea

the signal strength from the pilot channels of the

cells are expected to be essentially constant and

within each subarea the traffic load is expected to

be essentially constant, and
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that the objective function includes a coverage

related term and a capacity related term.

Method as claimed in patent claim 1,

characterizedin that the coverage term
punishes, by/with one to the coverage related weight
factor (keov), suggested configurations which do not

meet with the coverage demand.

Method as claimed in patent claim 2,
characterdizedin that the capacity term
essentially describes an average value of remaining
power margin in the cells, and if any cell exceeds
its maximum power output, suggested configuration is
punished with/by one to the capacity related weight
factor (ky) .

Method as claimed in patent claim 1,
characterizedin that the optimization
step includes an optimization algorithm including
random variation of power output of selected pilot
channels and a selection process to select the power
output values of those pilot channels which maximize

the numerical value of the objective function.

Method as claimed in patent claim 1,
characterizedin that the optimization

step is composed of a genetic algorithm.
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6. Method as claimed in patent claim 3,
charactezrizedin that the objective
function (Fr;r) essentially can be described according
to

100 il 10T
5 F m Z Pmax "( cov ZW ( max,n Pn )j

n

where Fev, 1is the coverage related term, the sum
E:W””(m“n R?”) is the capacity related term,

e if P°T <P, nd P = 0, i Doy 2 Prasgen
kw otherwise o loo(pcov _ptargel )kcov ’
where P,"°7 is the total power output, Pnmsx 1S the

10 maximum available power of each base station, pcov is
an assumed area probability, and pPrarger is the wanted

area probability.

7. Method as claimed in patent claim 2,
characterizedin that the capacity term
15 essentially is calculated on basis of the load margin
per cell and that the capacity term of the objective
function essentially describes the average load

margin.
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Method as claimed in patent claim 7,
characterizedin that the objective
function (Fry) essentially can be described according
to

10T
Z?IV :-]]\.TLO-(FCOV-FZ(]"_XH{I—]}))" ]J

cells max,i

where Feoy, 1s the coverage related term, the sum
101

P
EZO—nX;{F—}f——J is the capacity related term,

ax,n

14

B 0, lf Doy Zpiafﬁe’
cov 100(pc°v ~ DPiager )kCOV

where X, is current load per cell, P, is the total
power output, Pp,max is the maximum available power of
each base station, pecovy is an assumed area
probability, and ptarget is the wanted area

probability.

Method as claimed in patent claim 2,
characterizedin that the capacity term
of the objective function is weighted by/with a load
describing factor and that the cells which have a
traffic load exceeding a predefined value are
punished by/with one to the traffic load of the cell
related weight factor (kx).
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Method as claimed in patent claim 7,
characterizedin that the objective
function (Fy) essentially can be described according
to

1

F =
N

cells

PICH H
p¢ _lfmm j

[Fcov + ZVV){VVJ/ maxgnl -X

where Feov, 1s the coverage related term, the sum
CPICH CPICH
Prasn — b

S wiw) m”l e is the capacity related term,
n T

_ 09 l.f pcov 2 plargel

< 100(pcov ~ Drager )kcov

WIII _ {1’ ’f J)nTOT < Pmax,n
n = k

7

otherwise
W _{ L, if X, <1

W

= o,
" |ky otherwise

CPICH

where Pp is the power output of the pilot

CPICH {5 the maximum allowed

channels per cell n, Ppax,n
power output of the pilot channels per cell, X, is
current load per céll, P,"" is the total power output,
Pn,max 1s the maximum available power of each base
station, peov 1s an assumed area probability, and

DPtarget 15 the wanted area probability.

Software product which directly can be loaded to an
internal memory in a processor in a computer intended
to be used for pilot channel configuration, the
software product including software code for
execution of the steps in just any of the patent

claims 1-10.

Software product stored in one for computers usable
storing medium, including one or more programs to
effect/achieve a process in a computer intended to be

used for pilot channel configuration, to check the
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execution of the steps in just any of the patent

claims 1-10.

13. Radio network for mobile communication in which the
method according to any of the patent claims 1-10 is

5 implemented.
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