Journal of ELECTRICAL ENGINEERING, VOL 71(2020), NO4, 262-267

S sciendo
PAPERS.

Influence of channel reservation
on the handover calls flow in mobile network

Aleksandar Lebl!, Dragan Mitié?, Zarko Markov? Vladimir Matié?,

In this paper the properties of handover traffic are analyzed in the system with channel reservation. The reservation of
several traffic channels only for handover calls leads to probability of handover calls congestion decrease to the level of per
mill or even lower. The congestion of all traffic channels in the neighbouring cells is the cause that handover traffic process
deviates from the Poissonian distribution and this deviation is negligible, because handover calls congestion probability
is very low. This low handover calls probability is also the reason why implementation of one equivalent cell instead of
6 neighbouring cells surrounding the central cell does not model satisfactory the traffic flow in the mobile network. The
randomness of handover calls arrival to the central cell is tested by our originally developed simulation program. Coefficient
of variation of time between handover calls arrival to the central cell is calculated as the result of simulation. We introduced
the ratio of the coefficient of variation of the time between new handover calls appearance in the central cell to the value
of this coefficient for surrounding cell as the measure of handover calls randomness: the nearer this ration to 1, the more

random is handover calls arrival to the central cell.
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1 Introduction

Limitation of usable frequency spectrum and energy
savings, among other reasons, led to the development of
mobile networks with small cells. These cells inevitably
cause a high number of handovers of existing connections
[1]. Handover calls loss is considered very undesirable and
many techniques are developed which decrease probabil-
ity of handover calls loss [2]-[7]. One common measure is
channel reservation for handover calls that reduces the
handover calls loss at the expense of primary calls loss
increasing. That is the reason why it is growing the in-
terest to study the process of handover calls in detail.
The dilemma whether creating handover calls is Poisso-
nian process is resolved in [8], but in the model without
serving priority for handover calls. However, in practice
it is much more often the case that the handover calls
have priority. This paper shows how much the process
of handover calls birth deviates from the Poissonian one
if reservation of channels provides priority to handover
calls and whether this deviation affects common calcula-
tion method.

2 Model, assumptions and designations

It is usual to model the cellular network as a group of
cells with the same characteristics: dimensions, number
of channels and users, call birth rate. These assumptions
allow service quality calculation. The cell dimension is
determined by the radius R . The speed of movable users
is designated by v and handover probability by P} . The
number of channels in each cell is designated by N and

the number of users in the cell is significantly higher than
the number of channels. It means that it is possible to
apply Erlang model, whose characteristic is that call con-
gestion is equal to time congestion. The primary call rate
in each cell is designated by A, and handover call rate
from the network into the considered cell is designated by
Ab -
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Fig. 1. The simplified model of mobile telephony network: neigh-
bouring cells are replaced by equivalent cell 1

The usual presentation of network influence on the
considered cell is presented on the Fig. 1. The cell 1
which models the network is idealized, ‘e it is supposed
that it has the same influence on the considered cell 2
as all neighbouring cells together. In the model handover
calls from all neighbouring cells enter the cell 2 over the
cell 1. The handover calls serving has the priority and
it is adopted in this paper that handover call may be
lost only if all channels are busy, ie blocked. As handover
call loss is very undesirable event, the dimensioning of
resources is performed in such a way that handover call
loss is significantly lower than the primary call loss. It is
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convenient that handover calls loss, if it exists, is in the
range of per mills.

Of course, the opposite assumption about the influence
in the network is also valid, ie that the cell 2 has influence
on the neighbouring cells over the cell 1.

The channels are presented as circles in the Fig. 1:
uncoloured circles correspond to idle channels and black
circles correspond to busy channels. The probability of
state j(=0,1,...,N) in the group of sources (channels)
in one cell is designated by P; and it presents the prob-
ability that j sources are busy. The equality

Py=B=D5y,

is valid in the case that all channels are busy and it is
important to point out that this probability has very low
value, because it determines handover calls dropping. The
probability that all channels are busy in i(= 1,2, 3,4,5,6)
cells is designated by P{i}.

The primary calls are generated according to Poisso-
nian model: the number of primary calls in the unit of
time (Ap) has the same value regardless of the serving
system state. Therefore, the value of )\, is the same as if
any number of channels is busy (0,1,2,...,N —1,N) .

3 The defined calculation models

There are several methods of call handling which give
priority to handover calls serving over primary calls serv-
ing. These methods are: (1) some number of traffic chan-
nels reservation only for handover calls; (2) handover calls
waiting in a queue for serving and (3) the bit-rate decreas-
ing in already realized connections to handle handover
traffic. The first method is the most often implemented
one and is more detailed analyzed in the available lit-
erature than methods 2 and 3. The number of reserved
channels may be fixed or it may be dynamically altered
according to traffic load [9]. The applied schemes for chan-
nel assignment are presented in more detail in [10] and,
besides pure reservation of some channels to handover
calls, these schemes are: (1) admission of a new call with
a certain probability depending on the number of busy
channels; (2) division of traffic channels in two groups:
the first one for common use of both calls and the second
one only for handover calls; (3) limitation of the number
of new generated calls.

Generally speaking, according to [11] in some cases it
is enough to consider only a single cell to model the traffic
behaviour in a mobile system with a number of cells. Such
an analysis is suitable when new arrivals rate is identical
in all cells and the handover arrivals and departures rate
are also equal in all cells. The multicell model is reserved
for the case when there are some specific points with
the significantly higher traffic rate or when user moving
routes are not homogenous (handover rate between cells
is variable).
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4 The process of primary and
handover calls generation

The main difference between Poissonian and handover
calls flow is in the state when all channels are busy. If
all channels in the cell 2 are busy (Fig. 1.), primary calls
continue to come on serving. On the contrary, if all chan-
nels in the equivalent cell 1 are busy, new handover calls
may not enter the cell 2 because they come from other
cells using idle channels of neighbouring cells. As the cell
1 from Fig. 1 represents all neighbouring cells, the ques-
tion is: what means that all channels are busy in the cell
1?7 We shall present all neighbouring cells (NC1-NC6) by
their channels to get answer to this question, Fig. 2.
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Fig. 2. The real model of the mobile telephony network part:
central cell enclosed by 6 neighbouring cells

According to the assumption, all cells are identical.
The handover calls flow from each neighbouring cell is
Poissonian, but its rate is equal to one sixth of the total
rate. If all channels are busy in some neighbouring cell
(NC1 and NC5, Figure 3), there is no handover calls flow
from these cells. The probability that all serving sources
(ie channels) in one cell are busy is Py = B = By, . This
is also the probability that there is no handover calls flow
from this cell. Therefore, the total calls flow from any
neighbouring cell equals A, (1—B) [8]. Handover calls flow
in the case that all channels are busy in i(= 1,2, 3,4,5,6)
neighbouring cells is

A
Mhi = =+ (6 — 7)

) (1)

and this event probability is

P(i) = Bj, - (1 = (Bn))*™" (2)

Let us consider the handover calls flow as the random
variable. It is discrete random variable which may have 7
values (i =0,1,2,3,4,5,6).

The states when all channels are busy in one or more
neighbouring cells are called blocking states. In this state
the following events are distinguished:

1. All channels are busy only in one cell. The proba-
bility of this event is By, - (1 — Bp,)% . The handover calls
flow is Ap1 = (5/6) - Ap;

2. All channels are busy only in two neighbouring cells.
The probability of this event is Bi - (1 — Bj)* . The
handover calls flow is Apa = (4/6) - Ap.
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Fig. 3. Real model of the mobile telephony network without idle
traffic channels in neighbouring cells 1 and 5 (NC1 and NC5)
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Fig. 4. Simplified model of mobile telephony network part without
idle traffic channels in one of neighbouring cells
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Fig. 5. Poissonian calls flow: (a) — ideal case; (b) — in the simplified model according to Fig. 1 and Fig. 4, (c) — in real model according
to Fig. 2 and Fig. 3

3. All channels are busy only in three neighbouring
cells. The probability of this event is Bj - (1 — By)? . The
handover calls flow is Apg = (3/6) - Ap, .

4. All channels are busy only in four neighbouring cells.
The probability of this event is Bj - (1 — Bj)? . The
handover calls flow is Aps = (2/6) - Ay, .

5. All channels are busy only in five neighbouring cells.
The probability of this event is Bj - (1 — By)! . The
handover calls flow is Aps = (1/6) - Ap, .

6. All channels are busy only in six neighbouring cells.
The probability of this event is BY . There is no handover
calls flow (Apg = 0) . If there are idle channels in all
neighbouring cells, the handover calls flow is Apg = Ap,
and the probability of this event is

P{0}=1— Z P{i} (3)

The process characteristics in all states are similar, but
call inflow rate is variable. Let us determine the mean
value of this rate.

The mean value of random variable handover calls
inflow rate Ap,, is

6
Awm = Y Ani - P{i} (4)
=0

The mean value of handover calls inflow rate may be
calculated for the value Bp = 0.01 (which is unrealistic
high value for handover calls congestion) and it is Apy, =
0.998389 - A . It may be said that mean handover calls
rate is not changed if channel reservation methods are
implemented for handover calls.

The probabilities of events 2 to 6 may be neglected,
because the value of probability By, is very low. That
is why handover calls rate in the state of congestion is
practically always very near to (5/6) - A, Fig. 4.

We may distinguish three models of handover calls flow
and notice the difference between these three cases of the
Poissonian flow of handover calls:

- Figure 5(a) presents ideal Poissonian call flow which
is the same in all system states;

- Figure 5(b) presents Poissonian handover calls flow
rate which does not exist in the congestion state of equiv-
alent cell representing the network;

- Figure 5(c) presents Poissonian handover calls flow
rate which is modelled in this paper as a real case.

Symbolic representation of handover calls flow rate as
a function of time is sketched in Fig. 6.

It is obvious that handover calls flow rate is closer to
ideal one in real case when all neighbouring cells are con-
sidered than if network is modelled by one cell. This is
proved by the simulation program which comprises sim-
ulations for each cell separately, as described in Section
6. The parts of simulation program, which correspond to
one cell, are presented in [7]. The results of simulation
program in [7] are verified by their comparison to the
calculation results.

5 Examples

Let us consider the network formed of cells whose
radius is R = 10 km and the mean users velocity is
v = 60 km/h. The number of traffic channels is N = 5,
the offered traffic is A, = 2F and the number of channels
reserved for handover calls is » = 2. It is calculated that

P, =0.17
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Fig. 6. Symbolic presentation of handover calls flow rate as a
function of time
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Fig. 8. Coefficient of Variation of handover calls (CV) as a function
of offered traffic (Ap) in a system with N = 14, r = 3 channels and
P, =0.17

[12], [7]. The probability of primary traffic loss is B, =
0.269 and the probability of handover traffic loss is By, =
0.00111 in this case.

The probability of handover calls rate decrease for one
sixth in the case that one of six neighbouring cells is
congested equals By, = 0.00111. The probability of higher
handover calls rate decrease is, in the best case, B =
0.001112 = 0.00000123 . As traffic loss in the same time
designates also time congestion, the time period while
all traffic channels are busy in two neighbouring cells is
4.4 ms in the busy traffic hour. The mean time interval
between consecutive calls in this case is several tens of
seconds. That is why, as a consequence, the congestion
time ie the time of reduced calls flow is negligible and
without any influence on the characteristics of handover
calls generation.

Numerical example 2

Let us consider the network with the same dimensions
(R =10 km and the same users’ mean velocity (v = 60
km/h. The number of channels is N = 14, the offered
traffic is A, = 10 E and the number of reserved channels
for handover calls is r = 3. As R and v are the same as
in the example 1, it is P, = 0.17 again. The offered traffic
of 10E in the group of 14 channels causes traffic loss 5.6%
in standard Erlang model. In the model with two traffic
components and channel reservation the primary calls loss
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Fig. 7. Primary and handover calls congestion as a function of
offered traffic for the system where itis N =14, r =3, P, = 0.17

is B, ~ 0.25 and the probability that all traffic channels
are busy ie the probability of handover calls loss is By, ~
0.0004. The probability that all traffic channels are busy
in two or more network cells is negligible, ¢e without any
influence. The handover calls inflow to the considered
cell is very similar to the Poissonian process (with the
probability ~ 0.9996).

It is important to emphasize that the influence of han-
dover calls congestion in neighbouring cells (if channel
reservation is applied) practically does not depend on the
traffic load. The probability that all traffic channels are
busy in the neighbouring cells, By, is negligible even at
unreal high offered traffic values A, as may be concluded
from Fig. 7. That is why the statement about approxi-
mately the same value of handover calls rate is valid for
all traffic values.

Verification of handover calls randomness in the simu-
lated traffic process is not simple. Namely, Coefficient of
Variation (CV), which is defined as the ratio of standard
deviation and mean value of random variable [13] is al-
ways equal 1 for Poissonian distributed continual random
variable. In the simulation process time is not continual
variable, but a discrete one. Simulation process may be
considered as a series of Bernoulli Trials (BT) according
to [14]. Events designated as Successes and Failures may
be distinguished in these BT. If handover call generation
is treated as a success, then the time between two events
(successes) may be described by geometric distribution.
CV at geometric distribution depends on the probability,
ie it is not a constant number as at Poissonian distribu-
tion. That is why it is necessary to find a new method to
compare process of handover calls flow into the considered
cell, Fig. 3 with Poissonian process.

Coefficients of Variation of handover calls arrival into
the considered (central) cell (CV7) and for all 6 surround-
ing cells (CV1-CV6) are measured in a simulation model
as the one in the Fig. 3. The mean value CVm is calcu-
lated for 6 surrounding cells. The handover calls arrival
into the surrounding cells is a reliable real time simulation
of a Poissonian process. It is possible to say that the com-
parison of values CV7 and CVm is an indicator whether
the process of handover calls arrival into the considered
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Fig. 9. The procedure for events generation in the simulation process

cell may be also supposed to be a reliable simulation of
the Poissonian process.

The graph on the Fig. 8 proves that handover calls
process arrival into the considered cell is the same as the
one generated in all other cell if the losses are negligi-
ble, ie it is the reliable simulation of Poissonian process.
In the case of increased traffic load/losses some of pri-
mary calls from the surrounding cells may not become
handover calls. It is the reason why the similarity with
the Poissonian process is a bit modified.

6 Simulation

As already stated, simulation program is based on
the similar simulation of the system with handover calls,
which is presented in detail in [7]. The program version
from [7] is modified in such a way that it realizes the
simulation for 7 cells of mobile telephony network in the
same time (1 central cell and 6 surrounding cells), in
accordance to the model presented in the Fig, 3. The first
addition to the program from [7] is generation of one more
random number with uniform distribution (RN2) whose
value determines the ordinal number of the cell (among
total 7 cells) for which the following simulation step is
intended. The simulation step is performed as presented
in [7].

Binding events realized in one simulation step to the
generated random number may be explained using Fig. 9.
The whole set of generated random numbers is trans-
formed to the range (0, A, + Ay + N), where A, is the
offered primary calls traffic, Ay is the offered traffic of
handover calls, and N the number of available traffic
channels. Besides, K}, and K} in Fig. 9 are instantaneous
number of channels engaged by primary and handover
calls. The second modification to the process of gener-
ating the event in the case that it is a random number

intended for one of first 6 cells refers to hatched range of
numbers, whose size is K,P,/6 and K,P5/6, (whereas
Py, is handover probability). Therefore, if the random
number is in the range (A, + An, Ap + An + K,P,/6)
or (Ap+Ar+ Ky, Ay + Ap + K, + K P, /6), the estab-
lished call will not finish. Instead of that, this call will be
transferred to the central, seventh cell, thus simulating
handover. In such a way handover calls are generated in
the seventh cell for the range of numbers (A4,, 4, + Ap).

Let us now suppose that RN2 determines that the
next simulation step has to be realized in the cell 7 and
that, after that, the following generated random number
is in the range (A,, A, + Aj), which corresponds to a
new handover call start. We have already pointed out
that handover calls for the seventh cell in the simulation
procedure are formed from a part of the primary and
part of the handover call in the cells 1, 2,..., 6 at the
time of their leaving the cell 1,2,...,6. That is, why no
event (ie new call) is generated in the seventh cell if the

random number for the seventh cell falls in the range
(Ap, Ap + Ap).

7 Conclusions

The main conclusion is that channel reservation for
handover calls contributes that the process of handover
calls inflow is practically equated to the Poissonian flow.
The main reason for handover calls deviation from the
Poisson flow is the states of handover calls congestion.
Deviations from the Poisson flow with respect to the state
without congestion are very small. In addition, in a wide
range of traffic load, the states of handover calls conges-
tion are short so that they have very low influence on
the deformation of the handover calls Poisson flow. The
examples in this paper also prove that multicell model
is more satisfactory when mobile system performances
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are analyzed in the case of uniform traffic load per cells
than if the influence of neighbouring cells is replaced by
one equivalent cell. One additional important paper con-
tribution is that it gives the measure of the extent to
which handover calls generation nature is random. It is
proved on the simulation program results basis that this
process is random for small values of offered primary
traffic (the ratio between the coefficient of variation of
time between handover calls for the central cell (CVT)
and the mean value of these coefficients for surrounding
cells (CVm) is constant and equal 1). This randomness
is slowly degraded when offered traffic is increased (the
ratio CV7/CVm very slightly decreases below 1).
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