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Abstract — Analysis of wireless networks are performed in this
paper. Using simulation techniques, we obtain the dependence
of performance parameters, such ascall blockingand call drop-
ping probability, from traffic and mobility parameters, such as
cell capacity, traffic intensity, number and distribution of sub-
scribers, mobility pattern and guard channels.
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. Introduction

Cellular mobile networks are characterized with different
traffic characteristics than wired networks. This is mainly
due to cellular structure of the network, in which the cov-
erage area is divided in smaller areas caled cells. In such
case, during a single ongoing call a subscriber is allowed to
handover from its current cell to another neighboring cdll. In
the handover process the user is releasing the channel in the
old cell and occupies another channel in the target cell. How-
ever, if al channelsin all target cells are busy thenthecall is
dropped. On the other side, new calls can also be blocked if
there are no available channelsin the serving cell at the call
initiation.

In our analysis we consider channel-based allocation pol-
icy in the mobile network. Our aim is to analyze the Grade
of Service (GoS) of the mobile network under various mobil-
ity and traffic scenarios. Mobility pattern of the usersis very
important in such analysis, becauseit directly influenceshan-
dover intensity and hence the GoS. For modeling the mobil-
ity we use two-state mobility model, with a stationary state
and mobile state. Mobility modeling in personal communi-
cation networksisinvestigated in detailsin [1]. Furthermore,
overwhelming traffic analysis of cellular mobile networks
with single-state mobility model can be found in [2]. Ap-
plication of well-known loss formulas (e.g., Erlang loss for-
mula) to cellular networksis performedin [3,4].

However, different users show different mobility behavior.
So, with two-state mobility model we are targeting two main
types of users: users at office or at home (stationary-state),
and usersin cars or trains (mobile-state).
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In this paper, we anayze the dependence of call drop-
ping probability, call-blocking probability, and carried traffic,
from variationsin network, traffic, or subscriber parameters.
In the analysis we consider channel allocation scheme with
prioritized handover.

The paper is organized as follows. In next section we de-
fine mobility and traffic models used in the analysis. Simu-
lation results are presented in Section 3. Finally, Section 4
concludes the paper.

[1. Mobility and Traffic Models

We created a simulation environment in Matlab. Here, we
briefly report on our simulation model.

The coverage area of the mobile network is divided into
hexagonal cells. Each cell is further divided into elementsto
be able to track and locate subscribersin the network. Every
cell isassigned acertain number of channels. The subscribers
can be served only by one cell at amoment that isthe current
cell.

We define a users (i.e. subscribers) matrix. That is a look
up table for all subscribers in the wireless network, which
containsthe most important datafor each subscriber, such as:
his current position (location in the area), his motion status
(whether he is a stationary one or a moving subscriber), his
speed, current cell, direction of his movement, and number of
handoversthat he has performed. Speed of each subscriber in
mobile state is modeled with normal (Gaussian) distribution
truncated at O, given by:
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where v is the average speed, and o2 is the variance.
Position of each subscriber in the users matrix is repre-
sented with 2 coordinates (z and y). Direction of subscriber
movement is defined with 2 coefficients, one for the move-
ment in z-direction and the other for y-direction. Coeffi-
cients for subscriber elementary movements are randomly
obtained, but combination of both zerosis prevented, because
that subscriber would be stationary subscriber. So, subscriber
movement is defined in the following manner: in every step
of the simulation, each subscriber is allowed to move in ei-
ther z- and y-directions or in both. The length of the trgjec-
tory is dependent upon the user speed. However, each user
may bein one of two possible states: moving or stationary.
In next step, one should define traffic matrix, which con-
sists of traffic data for al subscribers during the simulation.
The traffic matrix has number of rows same as number of
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subscribersin the area, and number of columns same as num-
ber time dlots (steps) in the simulation. For each subscriber
in each step corresponds exactly one element of the traffic
matrix. For example, if that element is“1”, the subscriber is
using the network (e.g., he is talking on the phone) and he
occupies one channel in his cell; if that element is “0”, the
subscriber isinactive.

We consider primarily voice traffic in a mobile network.
Call arrival process for voice traffic is usually modeled with
Poisson distribution [4]. Furthermore, call duration time for
voice connectionsare traditionally model ed with exponential
distribution.

The last preparation step is defining the cell matrix, which
contains information for each cell in the area. For each cell
we assign the total number of channelsin that cell (its hard
capacity), as well as number of channels reserved for han-
doversonly (i.e. guard channels). The aim of guard channels
(which number is always small amount of total channels) is
to obtain higher reliability of ongoing calls compared to the
new ones, because blocking of a new call is less sensitive to
the user than dropping of an ongoing call. Thecall is dropped
when there are no free channelsin the target cell at handover.
However, number of guard channels should be small com-
pared to the cell capacity. In our model, we use channel pol-
icy “blocked calls cleared”, that is, an already blocked new
cal or handover is cleared from the system.
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Fig. 1. Hexagonal cell structure

Finally, we may state the main assumptions used in the
simulation model:

e Each subscriber in every time slot can be in one of two
mobility states: in stationary state with probability Pg,
or in mobile state with probability 1 — Pg.

e Direction and speed for each subscriber areinitially set
at the start of the simulation, and latter they change ran-
domly in each simulation step.

e We assume equilibrium of the subscribers in the whole
coverage area of the maobile network.

I1l. Simulation Results

We performed several simulation experiments to obtain per-
formances of mobile networks with guard channels and two-
state mobility model. With the given input data we have the
network structure shown in Figure 1. We consider centered
cell A, and six neighboring cells (i.e. cells B to G).

However, one should remember that the traffic parameters
in the simulations refer to the “busy hour”. So, if we ob-
tain certain call blocking probability in the “busy hour”, it
is straightforward to conclude that blocking probability will
be smaller in the rest of the time.

For the first simulation scenario we use the following mo-
bility and traffic parameters: average number of subscribers
per cell = 80; probability of stationary subscribers= 0.5; av-
erage number of calls per subscriber per one hour = 3; mean
call duration = 120 seconds (120 time slots); total number of
channelsin one cell = 12; number of “guard channels’ = 2.

Theresults of thissimulation are presented in the Figure 2,
which shows the dependence of handovers per call from the
user velocity and standard deviation o.
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Fig. 2. Dependence of number of handovers per call from average
subscriber speed, and standard deviation sigma

The average number of handovers per call increases with
the speed of subscribers, showing a quite good linearity.
Also, average number of handoversper call slightly increases
with the standard deviation of the speed. This can be ex-
plained with higher standard deviation of the speed, when
the probability of appearance of subscriberswith high speeds
is higher, which are increasing the average number of han-
dovers. On the other side, we a so have higher probability of
appearance of subscribers with low speeds, but they cannot
generate less than zero handovers in their calls, so their in-
fluence is insufficient to compensate that of the users with
higher speeds.

In the second simulation experiment we investigate the
GoS as a function of the average number of subscribers per
cell. In this case, we use the following parameters. average
subscriber speed = 10 m/s; standard deviation of average
subscriber speed = 2 m/s; average number of calls per sub-
scriber per one hour = 3; mean call duration = 120 seconds
(120 time slots); total number of channelsin one cell = 12;
number of “guard channels’ = 2.

The results of this simulation are presented in Figures 3-5;
in which we show dependenceof call dropping, call blocking
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Fig. 3. Dependence of call blocking probability from number of
subscribers per cell, and stationary probability Ps
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Fig. 4. Dependence of call dropping probability from number of
subscribers per cell, and stationary probability Ps

probability, and carried traffic, from the average number of
users per cell and probability of stationary user Pg.

As it is shown in Figures 3 and 4, both call blocking and
call dropping probabilitiesincreases with the number of sub-
scribers per cell, but only call dropping probability shows
significant dependence from stationary probability Pg. This
result can be explained by the nature of call dropping, that
is, it occurs at handovers. So, lower Pg resultsin more users
in mobile state, leading to higher handover intensity per user
and hence higher dropping probability. In the areain which
all subscribersare stationary, there are no handoversand call-
dropping probability equals zero.

According to our previous discussion on user sensitivity to
call blocking and call dropping events, we have deliberately
chosen system parameters(i.e. cell capacity, number of guard
channels etc.) to have dropping probability for one order of
magnitude smaller than call blocking probability. Figure 5
showsthe carried traffic, which ishigher for larger number of
subscribers. In this case carried traffic does not depend upon
the mobility parameters, because call-dropping probability is
many times smaller then new call blocking probability.

We aso examined the behaviour of the GoS at different
traffic parameters for the cellular access network. Here, the
following parametersare commonin this simulation: average
subscriber speed = 10 m/s; standard deviation of the sub-
scriber speed = 2 m/s; average number of subscribers per
cell = 80; probability of stationary subscribers = 0.5; to-
tal number of channelsin one cell = 12; number of “guard
channels’ = 2.

|
6 i i
| | —_— = =Ps=0.25
5 ! F=]= = = = Ps=05
4 1 1 1 1
50 60 70 80 90 100 110 120

Number of subscribers per cell

Fig. 5. Dependence of carried traffic from number of subscribers
per cell, and stationary probability Ps
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Fig. 6. Call blocking probability vs. mean call duration and average
number of calls per subscriber per hour A

The results of this simulation are presented in Figures 6-
8, where are shown call blocking probability, call dropping
probability, and carried traffic, versus mean call duration (¢),
and average number of calls per hour (lambda) respectively.

In this simulation call blocking probability (Figure 6) and
call dropping probability (Figure 7) show similar dependence
upon both input parameters: mean call duration and average
number of calls per user per hour. Thisis a consequence of
the fact that increasing each of the input parameters causes
increasing in the offered traffic to the network. However, traf-
fic increase results in higher losses as well.

If we analyzetheresults shownin Figure 8, we can observe
some kind of saturation in the carried traffic that is a result
of exploiting the whole cell capacity. When all channels are
busy inagiven cdl, arrival calls are rejected either new calls
or handovers. As expected, higher call arrival intensity leads
to faster saturation of the carried traffic.

Finally, we analyze the cell capacity in a cellular network
with prioritized handovers. In these simulations the follow-
ing set of parametersis used: average number of subscribers
per cell 80; average subscriber speed 10 m/s; standard devia-
tion of subscriber speed 2 m/s; probability of stationary sub-
scribers 0.5; average number of calls per subscriber per one
hour 3; and 150 seconds mean call duration (150 time slots).
The results of these simulations are presented in Figures 9-
10, which show the dependences of call dropping probabil-
ity, and call blocking probability, upon cell capacity (c) and
number of guard channels (th).
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Fig. 7. Call dropping probability vs. mean call duration and average
number of calls per subscriber per hour A
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Fig. 8. Carried traffic vs. mean call duration and average number of
calls per subscriber per hour A

From Figures 9 and 10, it is easy to notice the influence
of guard channels on blocking probabilities. However, guard
channels can be allocated only to handoverscalls. So, higher
number of guard channels causes decrease of the call drop-
ping probability because less new calls are accepted by the
network, but at the sametimeit resultsin increase of the new
call blocking praobability, and vice versa. Considering the de-
pendence of these two GoS parameters from the cell capac-
ity, it is straightforward to conclude that higher cell capacity
resultsin lower blocking and dropping probabilities.

Finally, it is a subject of an optimization process to de-
rive the optimum number of guard channels under given con-
straints on blocking and dropping probabilitiesin the mobile
network.

IV. Conclusion

In this paper we presented performance analyses of personal
mobile communication networks with prioritized handovers.
The performance of the networks was considered through its
Grade of Service (GoS), defined by new call blocking and
call dropping probabilities. For the purpose of the analyses
we performed simulations with various mobility and traf-
fic parametersin cellular access network. The influence of
the guard channels of the network performance was investi-
gated. Simulation analyses showed the dependence between
the GoS, network capacity and mobility pattern of the users.
Using the two-state Markov model for mobility, we showed
that network performance is strongly dependent upon the
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Fig. 9. Call blocking probability vs. number of channels per cell, for
different numbers of guard channels “th”
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Fig. 10. Call dropping probability vs. number of channels per cell,
and number of guard channels “th”

mobility of the users (i.e. percentage of stationary and mo-
bile users).

Higher mobility causes higher handover intensity, lead-
ing to higher dropping probability. On the other hand, it was
shown that we can control the dropping probability by using
prioritized handovers, i.e. dedicating small number of guard
channels to handovers calls only. However, prioritized han-
dovers cause lower carried traffic and higher new call block-
ing probability. Practically, we should use the offered traffic
and given constraints on GoS at the design phase of the mo-
bile network, to obtain the optimal cell capacity and number
of channels dedicated to handovers.

Finally, the performanceanalysisin this paper isdoneon a
call-level basis and for hard capacity in the mobile network.
Future work should include packet-level analysis as well as
soft capacity in the cellular access network.
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