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X. Lagrange and P. Godlewski

Ecole Nationale Supérieure des Télécommunications (Télécom Paris)
46 rue Barrault, F 75634 Paris Cedex 13 France

VTC'96 pp 1868-1872

Abstract—This contribution deals with the

blocking probability in a hierarchical network

with two mobility behaviors. A continuous

coverage is achieved with micro-cells that
accommodate both fresh calls and handover
requests. Over this micro-cell coverage
umbrella-cells, which only accept handover, are
implemented. At every handover, the sojourn
time of the terminal in the cell is measured. If
it is lower than a threshold, the terminal is
considered as rapid and directed towards an
umbrella cell. Otherwise the communication
stays at the microcell level. Furthermore, if
there is no available channel in a micro-cell,
the call is handed over the corresponding
umbrella-cell.

It is advantageous to direct as far as possible
pedestrian calls to the micro-cell level and the vehicle o
to the umbrella-cell level, but the network does not kn
which type a terminal is. A user may alternately be in
car or go on foot in a street. It is not possible to consi
that each user definitively belongs to a particular gro
Therefore, the system has no mean to record the user
in a data-base.

However, we can consider that the user type is cons
once the communication starts. The system is able
evaluatea posteriori the user type by comparing th
sojourn time in the cell with a threshold : if the sojou
time is longer than the threshold, the user is declared
pedestrian, otherwise it is considered as a vehicle. ~

The strategy tends to favor handover to
umbrella-cells for high-speed terminals. An
analytical model for the telefraffic performance
is developed and used to calculate the forced
termination probability in different
configurations. The performance of the strategy
is then studied.

selection may be executed at every handover. It is \
rough and not perfect.

II. DESCRIPTION OF THE MODEL

Let us consider a two level coverage of a particular a
This area is continuously covered by a set of micro-ce
Each group ofN micro-cells is covered by one umbrell
cell [4]. We consider that each micro-cell is fully cover:
by one and only one umbrella-cell.

I. INTRODUCTION

Teletraffic design of a cellular network is a key point of
the operator task. In classical networks, the famous Erlang  nopile stations are uniformly distributed on the are

B formula is generally used to calculate the blocking The time spent by a mobile in a cell is assumed to ha

where users are moving from cell to cell the Erlang B can edestrians and.. for vehicles. Mobiles can move fron
still be used if mobility is included [2]. Generally a mean P v :

speed is considered for all users. A more realistic approach one cell to any other cell within the considered ar
is to divide the users in two groups : the pedestrians, which Parametersi; anday, give the mean cell cross-over rate f
are quasi-static, and the vehicles that are quickly moving a given mobile [5].

[3]. We use the generic term mobile station do denote a

terminal, whatever its mobility type is. In a given micro-cell, the arrival of fresh calls

_ - _ _ N assumed to be a Poisson process of paranﬁeﬁeﬁor
This contribution deals with the blocking probability pedestrians andly, for vehicles. The service law of corr

calculation in a hierarchical network with two mobility . .
behaviors. In such a network, a continuous coverage is Munications follows an exponential law of parameter
which is the same for all user types. Guard channels

made by both micro-cells and macro-cells. The macro-cells ' ! ¢
cover several micro-cells and are called umbrella-cells. Implemented in the micro-cells to reduce the hando
These umbrella-cells may be deployed to improve the failure probability compared to the fresh call blockir
coverage of a zone and to reduce the handover failure Probability.

probability.
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Figure 1 : Management of calls

Let us define asessionas the time spent by a mobile

that is involved in a call in a particular cell (micro-cell or
umbrella-cell). A call is therefore a succession of sessions eqyilibrium equation for each type of clients [6] :

in various cells. The duration of a session in a micro-cell
exponentially distributed with parametgy+y for vehicles

andap+u for pedestrians. For pedestrians the mean session

duration is quite bigger than for vehicles.

is

At the end of every session, the network compares the

session duration with a threshdld. A pedestrian (resp. a
vehicle) is classified as a vehicle with probabiﬁg Ev)
or as a pedestrian with probabilityélp—(resp. 1€,).

Parameterép andg,, may be easily calculated as a function

of Tg.

All calls are first directed on the micro-cells. At the end
of each session, the user is sorted : if he is considered as a
pedestrian, the call is directed towards a microcell if a a. Micro-cell to Umbrella cell handover
channel is available on the new microcell. In all other

cases, the handover is made on an umbrella-cell. Once

crossover rates in umbrella calj, anda’y, may be deducec

from the microcell crossover rate :
a

).

lll. ANALYSIS OF THE MICRO-CELL TRAFFIC

Sessions in a micro-cell are generated by new calls
handover requests. Fresh call arrivals follow a Pois:
process, whose parametérﬁ for pedestrians andl, for

mobiles are assumed to be known. The handover reqt
may be approximated by a Poisson process with param
Aph andAyp. The global session request on a micro-cel

defined by parameters,+ Ayp, for mobiles andh\y+ App
for pedestrians.

Parameterdp, andAyp, are determined using the flov

Ay

oy +u

Avh = Ay(1 =Ppim+ Ayh(1 —Pphm) (1=y) @

o
Aph = Ap(L ~Pofm* Aph(1 —Pbhm) @p—u (1€p) (3).

The solution may be easily found by success
iterations applied on (2) and (3). The blocking probabilit
for fresh callsPpfmand for hand-ovePpyhm are calculated
numerically at every iteration from the equilibriur
equations of the Markov chain.

IV. ANALYSIS OF THE UMBRELLA-CELL
TRAFFIC

Sessions on umbrella-cells are produced by m-tc

camped on an umbrella-cell, a mobile stays in the handovers (micro-cell to Umbrella-cells handovers) and
umbrella-cell level until the end of the call. Consequently,

it can execute U-to-U handovers (Umbrella-cell to

Umbrella-cell handovers) only.

Let us consider a pedestrian at the end of a session in a

microcell :
— with probability 1—ep, the communication ends, (with

Gp:u p/(0(p+u) )
— with probabilityep(l—Ep) the call is directed to another

microcell (a part of the request overflows to the umbrella

cell),
— with probability GpEp the call is directed to the

umbrella-cell.

to-U handovers. To estimate the various handover blocl
probabilities, we first consider that the U-to-U hando\
rate is null and calculate the m-to-U handover blocki
probabilities. The calculated values are upper bounds of
real m-to-U and U-to-U handover blocking probability [4].

Without mobility at the umbrella cell level, the duratic
of a session in an umbrella-cell is then exponentie
distributed with parametep both for vehicles and for
pedestrians.

The m-to-U handovers are due to the users that
considered as vehicle and to the overflow from the m-tc
handovers that fail. The overflow of one microcell may
approximated by an IPP [7,9]. The global arrival rate
one umbrella cell is an MMPP process, whose transit

The same analysis may be made for vehicles in a matrix Q, is the Kronecker sum of the IPP transitic
microcell and for both user types in an umbrella cell. The



matrices. Therefore the global MMPP process is associated

with matrices @ andA :

Ay =NAGL+ A

where | is the identity matrix,

Ay = (1-8y)&y Ay+Apy) + (1-8p)ép Ap+Anp),

AW [
andAg = [ ] []
|:| . NAR |:|

b. Calculation of the blocking probability in umbrella-cells

(4)

2R

Let us consider the global process of an umbrella-cell
with C channels. The infinitesimal generator of the process

is defined by the followingG+1)(N+1) x (C+1)(N+1)
matrix :

v\ A ]
- ] W Quiuil Ay
QU: 2l,l| Qu—/\u—a,u /\U %)

[]
L]

el Qu-au []

The equilibrium of the Markov chain may be found by

the calculation of the stationary vectdr The system to
solve is :
I'Iéu =0

and €1=1 (6)

wherele= (1, 1, 1, 1, ... 1).

The stationary vector may be detaileddvectors, each
of dimensionN+1 :

12

nz(no, T, ... nc)

This gives C+1) systems of equations, which can be
solved by a Gauss-Seidel iteration without writing the

complete_Qmatrix [8].

The blocking probability is the probability that an

arriving request sees all the channels of the umbrella-cell
busy. For sessions that have overflowed, the blocking

probability Ppyfis :
N
C
T
1=
Pout="c N

>3 o

@)

For sessions that have been directed towards umbrella

cells, the blocking probability gyt is :

._C
i T

22

c. Quality of service

Pbuo= ®

Let us consider a pedestrian involved in a call that
already madé-1 handover in microcells only. At the end
the session in the current cell, there is 4 possibilities ;
— the call is released with probability(:’lp—

— the call is handed over to another microcell wi
probability 8(1-€p)(1-Ppy),

— the call is handed over to an umbrella cell wi
probability ep [(1—£p)Pbm(1—PDuo) + Ep(l—Pbuf) 1,

— the call is dropped because the umbrella cell has
available channel with probabilit@p[(l—ép)Pmebu0+

€pPhuf -

Similarly for a pedestrian in an umbrella cell, a call m
be :
— released with probability B-p

— handed over to another umbrella cell with probabil
(1—Pbud elp,

— dropped because of an handover failjyg, 6’y

The handover failure probabilify,,,,is approximated by
Pouf

The probability for a pedestrian call that has not be
initially blocked to end without any failure is the sum
the probability of the following events :

— the call is released in the first micro-cell,

— the call is released after several m-to-m only succes
handovers,

— the call is released after several handovers (m-to-m, nr
U then U-to-U handovers).

The probabilitprd for a pedestrian call to be interrupte
prior to the normal completion is then :

1-Ppd= (1-8p) + (1Jap)Z epi (1_Ep)i(l_thn')i
1=
+(14a')oo i 65 (15 (1P n‘)j_lk(l_P u)i_je'i_j
bh b
p;; p (I%p w Sp
with k=[(1~€ ))PphnPbuct€pPbud

By calculating the sum, we can dedu@@p for
pedestrians (and similarly for vehicles) :



_ o] Porn{1-£p) Pouc-O'p(Poug-Poud)+EpPou]
PA™ -8 p(1-PoullL-8p(1-Ponm(1Ep)

Similarly the mean number of handover for non

interrupted calls may be expressed as :
o i i
(1-Ppd) Nno = (1-8p) + <1Jap)Zu 0p (1-£p) (1-Pphm
1=

L N 1 -1 i, i-]
+109)N i) 6y (1) (AIPphm k(@APpuy 6
p .; ]; p (1p w

In the operating conditions, all the blocking
probabilities are close to 0. Therefordy,, may be

approximated as :
- 2
[1-8p(1-€p)]
[(149,0)(1{;,) +

Nho =

ap(lJa'pep(Hp))]
1—6'p

IV. RESULT ANALYSIS

The performance of the system was studied for the
following configuration : one umbrella-cell is equivalent to
20 micro-cells ; there is a nominal proportion of 20%

vehicles ; 14=120s;06,,=0.7 (i.e. 1&,,=51s) and
ap=0,,/10.

10l

dropping (vehicles)

=
o,

[EnY
S,
B

[EnY
S,

blocking or dropping probability
M U'l‘ B

10
: dropping (pedestrians
10-67 T T T T T
0,02 0,04 0,06 0,08 0,10

lambda (call/s)

Mean number of hand-over : 0,23 for pedestrians
2,33 for vehicles

Figure 2 : Dropping probability without umbrella-cells

For each configuration, the analysis was made
numeric calculation as described previously. A comptL
simulation based on an event-driven method was condu
and gave very close results.

a. System without umbrella cells

The performance of a system without any umbrella «
was first studied. Every micro-cell has 14 traffic chann
including 2 guard channels. The dropping probability
shown in figure 2 as a function of the call arrival rate.

b. System with umbrella cells

Umbrella cells were considered with the same numbe
channels as in the previous paragraph. Seven char
including one guard channel are put in every micro-cell
seven channels in the umbrella cells. The dropp
probability was calculated with thresholt= 10 s for
vehicles and pedestrians and is plotted in picture 3.
dropping probability is higher for the same call arrival re
but the number of handovers are reduced for vehicles
about 30%.

The influence of the thresholfiy was studied and ic
shown in figure 4. For high values ®f, a lot of mobile
stations are directed to the umbrella cells, which .
overloaded and the global dropping probability is r
acceptable. It is therefore necessary to increase the nu
of channels in the umbrella cells.

10~
I vehicles

2107
E [
©
e}
o )
% i pedestrian:
2. .3
<107
o r
= N
he} L

104 ‘ . ‘

0,01 0,02 0,03 0,04

lambda (call/s]

Mean number of hand-over : 0,23 for pedestrians
1,67 for vehicles

Figure 3 : Dropping probability with umbrella-cells
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Figure 4 : Mean number of hand-over versus time threshold
IV. CONCLUSION [6]

A simple selection strategy on a double layer coverage
was proposed and evaluated in this contribution. This 7]
strategy favors the handover towards macro-cells for high-
speed terminals and reduces the mean number of handovers)
per communication. On the spectrum efficiency point of
view, the best choice is to deploy microcells only in order
to maximize the traffic per square kilometer. However, this (9]
strategy leads to a high number of handover for high-speed
terminals. It would be advantageous to consider a cost
function that includes both the spectrum efficiency and the
handover cost. It would quantify the best trade-off between
the two aspects and determine the optimal configuration.
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