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Abstract — The network should operate as effectively as possi- II. METHOD
ble with a good GoS. This is possible only with a very accurate
network planning process. In this paper we consider network

planning and more precisely the steps of coverage and capac- i ,
ity planning. We show that the optimization of these steps are 1 here are many parameters in order to take care in network op-

possible to do simultaneously and quite in an automatic way. timization. On of the most important is the GoS. The GoS con-
sists of radio coverage, call blocking, dropping rate and trans-

mission performance. In this paper we consider traditional net-
work planning steps coverage and capacity planning. In cover-
age planning step the target is to solve BS sites, antenna type:s
and heights and BS transmission power. In this step the demanc
of sufficient radio coverage, is taken care. In capacity planning
the target is to take care that there is enough capacity in every
point of the network planning area in order to hold especially
l. INTRODUCTION the GoS demand of call blocking rate below the limit.

The network planning is in a real case a very complicated prob-
lem including a large amount of parameters to be solved. The

Traditionally the network pIanni'ng is usually divided in several ¢oach space of this kind of problem becomes easily too large to
steps, for example to the capacity, coverage and frequency plange solved as an optimizing problem. In order to make the size

ning steps. These steps are then 'solved’ separately. The tarss the problem in a reasonable limit, the number of optimized
gets and parameters in these steps are still not independent fro

; it ('Parameters has to be reduced.
each other so it would be practical if these steps could be solve

simultaneously, also for economical reasons. The success oAs mentioned before in the coverage planning there is four pa-
wireless network has been enormous. That is why the need ofameters to be optimized. The problem of finding optimum BS
planning as effective networks as possible, has been more andites is a quite difficult problem even alone. If the planning area
more important. It is very important to the operators to serve ashas complex geometry for example city center, it is difficult to
many customers as it is possible with a good grade of serviceyse rough models of the coverage areas from given BS. In this
GoS. That is why the network planning is more and more like case some propagation model has to be used, to get informatior
an optimization problem, which way it is considered in this pa- of the obtained coverage area. The use of accurate propagatior
per. In this paper we consider a method where in the coveragenodel is however quite expensive, i.e. calculating time can be
planning step we take also into consideration the information of significant. Also there is a problem that BSs can be sited only a

traffic density from the planning area. This information is used very limited number of places in real case and this causes many
to plan the BS (base station) sites, their transmission powersconstraints to the optimization.

and the number of channels in BSs in such way that the result

gives a good coverage area, but also that the capacity distribuin papers [3] and[2] we have considered coverage planning as
tion obeys traffic density in the planning area. So the targets ofan optimizing problem. We have formulated the coverage plan-
capacity planning are also taken into consideration and thus thening in the following form: Find such combinatidnof n pos-

step of capacity planning is almost done simultaneous with thesible BS sites and transmission powers that optimize the cov-
coverage planning. erage area. Doing this way we suppose that there is a quite



limited number of potential BS sites. From these sites, usingthe coverage planninf; and otherf; to the capacity planning.
one or several antenna solution, the achieved signal power leveBoth functions are composed in such way that the values are
in the surrounding area is then calculated using some propagaalways between 0 and 1. Final fitness function that controls op-
tion model. This data is saved. This data is calculated usingtimization in GA is composed after this as foIIowgiﬁiggfz,
some transmission power level, but the influence of different wherea; anda, are the weight to the targets.

transmission power can be taken into consideration easily. By

formulating the coverage problem in this way, we notice that In following three numerical tests;asel-casg3the method
there are now only two parameters to be optimized in coverageconsidered before is used to network planning.

planning: BS site& from n possible and transmission powers.

There are two main principles to be taken care in capacity OP-|II. COVERAGE AND CAPACITY PLANNING: NUMERI-
timization: There has to be enough capacity in the network and CAL EXAMPLES ’

this capacity has to be distributed to the area in the right way.
Second principle is that there should be more capacity where is
more subscriber and opposite. The parameters that determinghe test area is following: The area is 33km*30.3km. The res-
networks total capacity and how it is distributed are cell layout olution is 50m, so measure points are 399960. There are 52 po-
and channels/cell. When taking previous coverage planning asential BS site found in this area. Problem is now to find these
a starting point, we see that the only new parameter in capacity20 BS site which give the optimum coverage area and that the
planning is channels/cell. The cell layout is considered in cov- capacity from this result obeys traffic distribution. The traffic
erage planning step. In this paper we focus mainly to the targefdistribution in the area is here produced in heuristic way. In the
that the capacity should be distributed to the planning area infigure 1 is presented the planning area and the traffic density in
the right way. Let's suppose that we have information about thethis area. The darker the area is, the higher is the traffic density
traffic distribution in the planning area. This distribution mea- there.
sures with some unit, for example with Erlang/ the amount

of traffic from the measure points of the planning area. In the
figure 1 is presented graphically one example of possible traf-

fic distribution. It is quite natural that the capacity distribution
should obtain this traffic distribution. This is how we compose

the capacity planning: Find that combinati&rof n possible

BS sites, transmission powers and channels/cell to them, that

the obtained capacity distribution obeys traffic distribution. The

first principle was to guarantee enough capacity to the planning
area. This is handled also simultaneously with a suitable param-
eters, for example with appropridte

As a summary we have three parameter to be optimized: BS
sites k of n), transmission powers and channels/cell. We are
dealing with discrete combinatorial optimization problem. In
this paper we use Genetical Algorithm (GA [1]) in order to solve Figure 1: Planning area and traffic density

this optimization problem. They are well suitable for that prob- ) ) ) )
lem because they need no any nice mathematical property fronf © the planning process less accuracy in the traffic data is
the problem as for example continuity or derivability. The only €nough. In this numerical example we consider a situation

demand is that there is some kind of function (fitness function) Where S level of traffic density is used. In the figure 2 is pre-
that measures the "fitness’ of the solution. The better the solu-S€Nted the situation after this approximation. The figure is com-

tion is, the higher should the value of the fitness function be.  POSed in a logarithmic way so that in neighbor regions the rela-
tion between the values of the traffic density is always 2.5.

Because targets in coverage and capacity planning are differen
we have to consider this problem as a multiobjective optimiza-
tion. The problem is how to weight different points of fithess

function so that all targets are taken care. Here we have solve
this problem such that we compose two fithess function, one to

t

The proportions of the size of the areas (region 1-5) with cer-
tain traffic density level compared with the total area size are
dgresented in table 1.

In each region is now supposed to be the same traffic density



We use the method presented in section Il.. The constrains usec
in this test are following:

-n=52,k=20
-Coverage area threshold46dBuV/m

-Transmission power can vary between values: -6dB, -3dB, 0db
or 3dB compared to the calculation level.

-Capacity density must satisfy the traffic distribution presented
in figure 2 and table 2.

-a; = 1, ay = 1. Coverage and capacity targets are weighted
equally.

Figure 2: Planning area and rough traffic density

Iteration steps were calculated 200. In the figure 3 is presented

the progress of coverage area and the development of achievet

| ]| Reg.1] Reg.2] Reg.3] Reg.4]| Reg.5] capacity density in regions.

(%] 246 [ 389 ] 234 ] 70 | 6.1 | a)
1

Table 1: Sizes of regions compared to the planning area

level. Now we calculate the proportion of traffic from each re- %%
0,88

/
gion compared with total traffic from the planning area. The 0.8 — e ——— |
’ -

results are presented in table 2. This is the traffic distribution

0,76
used in following numerical tests. 07
b) — Coverage - Capacity in reg.
Table 2: Traffic distribution 04
| ]| Reg.1] Reg.2] Reg.3] Reg.4] Reg.5] 0,3
(%] 40 | 1568 | 238 | 17.8 | 3856 | 02 o
. . . 01—
In the following we consider 3 cases where the problem is to

. . . .. 0,0
find solution which optimizes the coverage area and that the —Reg.1 =—Reg.2 —Reg.3 Reg. 4 Reg. 5

network should obey traffic density considered. There are 3

parameter that affects to the result of the capacity distribution Figure 3: a) Development of coverage area and obeying traffic
from the network. They are: Combination of BS sites, trans- djstribution b) Portion of capacity in regions

mission powers and the number of channels in each BSs. The

cases 1-Jiffer with the parameters optimized. base lwe és We can see _from the f|gu(;e 3 a),.tth(_e opt|m|zat|ot:1 WOLkSt't
optimize parameter BS sites and transmission powersase 2 overage area increases and capactty In regions obeys bete

parameters BS sites and number of channels/cell anesa 3 traffic distribution. From the figure 3 b), we can see the distri-

BS sites, transmission powers and number of the channels/cell.butlon (_)f pap_acny In regions. The exact nu_mbers in the end of
the optimization are shown in table 3. As it can be seen from
this table, the values are quite near the target values presente

Case 1 in table 2.

In this case we try to find that combination of BS site and
transmission powers to them that optimizes both the coveragd=ase 2
area and obeys traffic density presented (two target). Becaus
we do not here consider the number of channels in BS, we
suppose that this number is the same in every BS.

?’he test is the same as @ase 1 but now we do not optimize

transmission powers in addition to the BS sites. Here the op-
timized parameters are BS sites and the number of channels in
BSs. The number of channels in BS can vary between values



1-5. The transmission power is now always 0dB compared toln figure 6 is presented the obtained capacity density in plan-
the calculation level. Other constrains are the same easa 1 ning area. In gray points there are coverage and the darker the
point is, more capacity to the point is available. By comparing

From the figure 4 it can be seen the results of this test in thefigure 2 and 6 it can be seen that the result resembles the target
same form than icase 1

a)
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Figure 4: a) Development of coverage area and obeying traffic
distribution b) Portion of capacity in regions

The results of exact portions of capacity in each region are
presented in table 3.

Figure 6: Result: Capacity distribution

Case 3 Analyzing cases 1-3

In thecase 3we optimizes all three parameters: BS sites, trans- In table 3 is presented the result of capacity planningpises1-
mission power and channels in BSs. Transmission power carB. From the results it can be seen that the results are quite neal
vary as in the case 1 between values -6dB —3dB. Channels irthe object. On the other words, the optimization works. In the
BSs can vary between values 1-5, asase 2 table 4 is presented the results of coverage planning.

In the figure 5 is presented the result from this numerical test. Table 3: Traffic distribution and capacity distribution from the

a) results of cases 1-3
09 Y ] | Reg.1] Reg.2| Reg.3] Reg.4| Reg.5|
08 f—-ul’f r [Traffic | 4.0 | 15.8 [ 23.8 | 17.8 | 3856 |
: ase . . . . .
0,82 Casel 7.8 158 | 20.1 | 17.8 | 38.5
0.76 Case2| 40 | 1565 | 236 | 17.7 | 39.2
°’7b) — Govemge  — Gapaciiyin te0: Case3| 4.0 | 153 | 246 | 175 | 386
gi N ) Table 4: Achieved coverage in cases 1-3
03 ] | Case 1] Case 2| Case 3]

) Im————"am
e [ Coverage|| 97.8% | 96.2% | 97.6% |
J ————
0,0 The values of the coverage are quite high, good values. Al-

- Reg.1 =——Reg.2 - Reg. 3 Reg. 4 Reg. 5

though if we consider for example figure 3 a) we can see that
in the beginning of the optimization, the level of coverage area
increases but then it reminds almost in the same level. Is that so
that the coverage optimization is not working after this? In fig-
The capacity distribution obeys very good traffic distribution as ure 7 is presented the average value of the transmission powel
shown in table 3 used in the best solution in each iteration step.

Figure 5: a) Development of coverage area and obeying traffic
distribution b) Portion of capacity in regions
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Figure 7: Average transmission power

The average power is at highest level at the beginning of op-
timization and after this it is decreasing. The coverage area is
depending of course a lot of used transmission powers, so the
coverage optimization works very well because it can still in-
crease the achieved coverage area.

Also it can be seen from the results that the traffic distribution
can be successfully taken care also when the number of chan-
nels/cell is not optimizedcgse ). However thecase Jyives the

best solution when considering both targets. So the simultane-
ous BS site, transmission powers and channel/cell optimization
works.

IV. CONCLUSION

This paper considers a method of performing both coverage and
capacity planning simultaneously as an optimization task. In
order to make this kind of optimization possible, the dimension
of the optimization problem has to be reduced. Here it was
done by using precalculated signal power level data from the
neighborhood of BS sites. After this parameters of antenna high
or type for example, has not to be taken into account. Also the
number of BS sites is after this limited. In real world this is
usually the case, the potential places where BS can be sited is
quite limited. So using of precalculated possible BS sited, do
not limit the use of this method.

In the capacity problem, the right distribution of capacity is
main problem. Here we use a traffic density map, which di-
rects the optimization in the right capacity distribution for the
network under planning.

Numerical tests show that this method works and is effective.
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