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SUMMARY

This paper deals with an efficient dynamic channel allocation (DCA) technique suitable for applications
in mobile satellite cellular networks. A cost function is defined to allow an optimum selection of
channels to be allocated on demand. A mobility model suitable for low earth orbit (LEO) satellite
systems is presented. The performance of the novel DCA technique in terms of call blocking probability
has been derived by simulations. The obtained results are compared with those achieved by a fixed

channel allocation (FCA) technique to show a bette
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1. INTRODUCTION

The rapid growth in the demand for personal com-
munications has led to the need for intense research
and development efforts towards a new generation
of Personal Communication Systems (PCSs). Any
future PCS will integrate different services to pro-
vide data and voice communications via a multime-
dia portable terminal. The challenge is to build a
personal communication network (PCN) extended
on a world-wide basis (Universal PCN) which allows
the transfer of information (data. voice. etc.) in a
reliable way between two users. at any points on
the earth, and either in fixed positions or travelling
by train or by aircraft at hundreds of kilometres per
hour.

In this scenario, mobile satellite systems (MSSs)
which permit a global coverage of the earth to be
achieved (also including impervious and scarcely-
populated areas) and internetworking with the exist-
ing terrestrial mobile networks, will play a very
important role.

This paper is focused on a global coverage MSS,
using satellites with on-board signal processing capa-
bilities, which is mainly devoted to phone communi-
cations.

One of the major issues for implementing an
efficient MSS is to allow the large demand consistent
with limited bandwidth and high-quality service. In
particular, the primary concern is the selection of
the satellite’s orbit. This paper deals with the case
of geostationary (GEQ) satellites and the case of
low earth orbit (LEO) satellites.

Theoretically, we need three GEO satellites to
cover all the earth; however, since the satellite visual
angle from a mobile user reduces when increasing
the latitude, the link is reliable for North and South
latitudes within +70°, Another difficulty is the
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remarkable distance of the GEO satellite from the
earth® which demands high transmission power from
the earth terminals, making the realization of small
sized terminals extremely difficult.

To overcome these drawbacks it is possible to
employ satellites with orbits (Figure 1) within
500 km and 2000 km (LEOs). These satellites have
a motion relative to the earth so that several satel-
lites alternatively serve the same terrestrial area.
For this reason a constellation formed by many LEO
satellites is required in order to obtain a global earth
coverage. In particular, the required number of

LEO polar orbit

Figure 1. LEO polar satellites

" The orbit of a GEO satellite is on the equatorial plane at about

36,000 km altitude.
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LEO satellites decreases when the altitude of their
orbit increases.

This paper deals with two particular LEO systems
which achieve a good global coverage. also including
polar areas: the IRIDIUM system (by Motorola
Inc.) and the ARIES system (by Constellations
Communications).

The IRIDIUM system (Figure 2) employs 66
LEO satellites over six polar orbits at about 780 km
altitude, whereas the ARIES system employs 48
LEO satellites over four polar orbits at about
1000 km altitude.’

In any MSS the geographical area served is div-
ided into cells. Each cell is illuminated by a radiation
spot-beam of a satellite. For LEO satellites. at rela-
tively low altitude, the resulting cells have smaller
sizes than the ones obtained by GEO satellites.
However, in the first case we obtain a more wide-
spread territory division with remarkable advantages
for the traffic carried by the network.

A limiting factor is the co-channel interference
due to simultaneous use of the same channel in
different spatial cells. Considering a mobile com-
munication system with cellular coverage given by
equal-size hexagonal cells, in order to reduce the
co-channel interference the same channel cannot be
simultaneously used in cells whose centres are dis-
tant less than the reuse distance. D.” These cells
form the belt of interfering cells.

The derivation of D depends on several factors,
including the particular multiple access technique
and modulation scheme used, mobile environment
and acceptable voice quality. The performance of a
mobile communication system is increased by a bet-
ter use of available channels. Referring to the OSI
network model, the layers on which we can operate
to achieve this goal are three:

1. Physical layer: we must proceed in cells split-

Figure 2. IRIDIUM satellite system

ting, keeping unvaried their capacity. so that
the quantity of traffic carried on by the net-
work increases (=1/R*, with R denoting the
hexagonal cells side). In a MSS, this means
that the satellite’s orbit must be carefully selec-
ted.

Data link layer: we must choose the multi-
access technique which is able to grant the
available spectrum to the utmost possible num-
ber of simultaneous users.

Network layer: a suitable dynamic channel allo-
cation (DCA) technique can be used to allow
a better use of network resources.”

!\J
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In this paper we shall focus on the network layer.
Differently from previously proposed MSSs (e.g.
the IRIDIUM system), where channels are assigned
to each cell in a fixed way (FCA), an efficient
technique for the assignment of channels on demand
(DCA) is considered.

Using the proposed DCA technique, whenever a
new call attempt arrives in a cell (i.e. satellite
antenna spot-beam footprint), the territorial com-
petent satellite executes the dynamic channel allo-
cation algorithm. The channel to be assigned is
selected on the basis of a suitable cost function
depending on the reuse distance and on the number
of interfering cells in which each available channel
is just locked. The satellite decides, on a call-by-
call basis, the channel to be allocated by exhaustive
search for the minimum cost channel. In addition
to this, an efficient channel rearrangement tech-
nique has also been considered whenever a call
termination or handover occurs in a cell. It has also
been assumed that satellites can exchange control
information about the availability of channels in the
cells on the boundaries of the regions they manage.
In the case of LEO satellite constellations, this
involves the use of inter-satellite links (ISLs), so
that a satellite can communicate with the neighbour-
ing ones.

The performance of the DCA technique under
consideration has been derived by considering that

(a) the maximum number of available channel is
equal to M

(b) call duration is random and exponentially dis-
tributed, with expected value equal to 7.,

(c) blocked calls are cleared

(d) the offered traffic per cell is Poisson distrib-
uted with the same mean arrival rate A in all
the cells.

A handover procedure takes place every time a
mobile subscriber (MS) with a call in progress passes
from a cell to an adjacent one. In this new cell in
order to avoid a forced call termination a new chan-
nel must be assigned.

In the GEO case the satellites are stationary with
respect to the earth and the change of the cell for
a MS is only due to the user’s motion. Since the
cells have wide sizes, the handover probability is
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very low. Starting from this consideration. we have
assumed for the GEO system fixed users only.

In the LEO case (Figure 3), considering the high
value of the satellite’s oribital speed (V). we can
neglect both the MS speed and the earth rotation
speed (Veurnny Vearn = 1670 km/h), therefore
resulting in an MS’s constant speed (relative to the
satellites) equal to V,,,, (about 22.500 km/h).

Taking into account the high value of the MS’s
(relative) speed, it is evident that in the LEO case,
a call in progress gives rise to several handovers. For
this reason the use of the proposed DCA technique
becomes of fundamental importance to guarantee a
low probability that a call in progress be dropped.

The organization of this paper is as follows: Sec-
tion 2 describes the proposed DCA technique; in
Section 3 handover and user mobility are discussed
in the LEO case; finally, in Section 4 simulation
results concerning the performance of the proposed
DCA technique in terms of call blocking probability
are presented and compared with those obtained by
means of an FCA technique either in the GEO case,
with fixed users, or in the LEO case. with mobile
users.

2. DYNAMIC CHANNEL ALLOCATION
TECHNIQUE
In this section an efficient (DCA) technique is pre-
sented. The proposed DCA technique achieves an
efficient spectrum utilization by allowing the use of
each of the M channels in any cell on the condition
that the constraint on D is respected.

We remark that in a mobile communication Sys-
tem D represents the minimum distance between
cells for which the use of the same channel gives
rise to an acceptable co-channel interference level.

Let us consider a particular cell x and denote by
I(x) the set of cells interfering with x, i.e. those
cells for which it is not permitted to allocate any
channel just used in x. Note also that the vice versa
is valid. Figure 4 shows the cells in / (x) for the

V, 1 = 22,600 Knvh

.

Area covered by a spot-
beam irom satellite

/

Veanth = 1,670 Kmvh

Figure 3. LEO satellite system: main speed components

case D = V21 R, with R the hexagonal cell’s side.*
From above, it is evident that a channel i is available
for allocation to the cell x if it is not just used either
in x or in [(x).

Let us denote by A(x) the set of available channels
for the cell x at the call arrival instant in x. For
each channel i € A(x), we define the following cost
function:

CHs 3

ke l(x)

{u, (1)} (1)

where

|1 ifie Alk)
e} = 0, otherwise
In other words, the cost function C.(I) represents
the number of interfering cells of x that can use the
channel i. Whenever a new call arrives in x. if
A(x) # O, the channel i* which satisfies the follow-
ing condition:

f*:C_,(r'*)=min,E;\m{CJ(E)} (3)

is temporarily assigned to x. Note that the selection
of channel i* according to (3) permits the minimiz-
ation of the number of cells in I{x) in which the
use of the same channel i* will be locked, and
therefore an increase in the spectrum utilization.

If more channels satisfy (3) a random choice is
performed.

In the case of A(x) = @ (i.e. no channel can be
temporarily assigned to the cell x), the call attempt
is blocked and lost. The updating of A(x), and
therefore the evaluation of the cost C.(i) for any

= interfering cells of x

Figure 4. Interfering cells
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channel i € A(x), is performed on the basis of tables
which take into account the channel’s availability in
all the cells of the network. Assuming satellites with
on-board signal processing capabilities, these tables
are handled by the satellite. This permits the attain-
ment of a distributed implementation of the DCA
algorithm, in particular in the case of LEO satellite
systems.

In order to obtain a better performance, whenever
we have a call termination in a cell, the DCA tech-
nique executes a channel rearrangement to de-allo-
cate the channel which becomes available in the
greatest number of cells in /(x).

3. HANDOVER AND USER MOBILITY

In several mobile satellite systems, such as the LEO
systems, the handover procedure has a significant
impact on the system performance.

Handover can occur in the time interval during
which the ratio of the power levels received from
the antenna spot-beam serving the current cell and
the spot-beam serving the destination cell of the
mobile is within two appropriate thresholds.” The
handover procedure gives rise to a call termination
in the current cell jointly with a new call arrival in
the destination cell.

Different handover policies have been proposed
recently. Some of them prioritize handovers at the
expense of an increased call blocking probability for
new arrivals. The prioritization schemes are motiv-
ated by the fact that from the MS point of view,
forced termination of an ongoing call is much less
desirable than blocking a new call attempt.

This paper deals with handover policy which man-
ages handover requests in the same manner as new
call attempts. However, it will be shown by com-
puter simulation that the DCA technique implicitly
gives a higher priority to the handover service with
respect to new call attempts, thus achieving a better
quality of service.

To investigate the influence of the handover pro-
cedure on the performance of the mobile satellite
system under consideration, we must carefully
account for the MS’s mobility.

In the case of the GEO system we have wide cells.
This leads to a negligible probability of handover;
therefore in this case we can assume fixed users.
This is quite different from the case of LEO systems
where handovers are principally due to the high
orbital satellite speed. In this case we can assume
that the cells are moving with respect to the MSs.
In deriving the user mobility model we consider the
case of LEO systems with satellites over polar orbits
(IRIDIUM and ARIES systems).

In performing our analysis we assume that

(a) the distance that an MS covers in a cell since
the arrival instant of its call is

(i) uniformly distributed from 0 and 2R
(where R is the cell's side). in the

cell where the call has been originated
(source cell)

(ii) fixed and equal to 2R, in any other
cell different from the source cell
(transit cell)

(b) every MS travels in a cell with a constant
velocity (relative to the satellite) equal to the
satellite orbital speed V.,

(¢) whenever a handover occurs, the destination
cell is the adjacent cell in the direction of
the satellite motion.

Moreover, we define the following parameter:

2R
VnrhTm

e

(4)

o

to characterize the user mobility (a decreases when
users mobility increases).

Let us denote by 1., (Figure 5) the permanence
time of an MS having a call in progress in the source
cell. The parameter 1,,,.,. is a random variable with
a probability density function (p.d.f.) given by

Vors . for0=t=aT,
Pdfrmul (r)= 2R (S)

0. otherwise

Likewise, we denote by ¢, (Figure 5) the perma-
nence time of an MS having a call in progress in
a transit cell. In this case the parameter 1., is
deterministic and can be defined as

2R
Ime2 = Vm—_h (6)

Let t; be the call duration time (exponentially dis-
tributed with expected value equal to T,,). Accord-
ing to our model a handover procedure occurs when-
ever

(a) tme < ty, for a new call in the source cell

B = random position of MS at the
call starting Instant In CELL 1

C = position in which the MS, with

acal in ress, passes
fromCEEﬁlnCELLz
BC = random covered by

distance
MS Int we from the call
starting instant In CELL 1

CD = deterministic distance
cavered by MS In tasfrom
the call arrival Instant in

source cel for the call of MS CELL2

transtt cell for the call of MS

N.B. In the mobility model we consider:
- circular cells with radius equal to R, crossed along the diameter by the MS;

- MS motion relative 1o the cells, having deterministic speed in magnitude and
orientation.

Figure 5. Explanatory figure of 1., and ¢, according to the
mobility model
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(b) fne <ty for a call in the transit cell,

Let us denote by P, the probability that a new call
gives rise to a handover and Py, the probability that
a call in a transit cell gives rise again to a new
handover. These probabilites are defined as

Ph] = J PTOb{fu = f|frm-1 = f}pdf,le(I) dr
]
=g
6 ]
2R
Ph‘. _ Prob{fd > ] =g @ (8)
Vnrh

Figure 6 shows P, and P, as a function of «. In
particular this Figure highlights that as « approaches
0 (=), Py, and Py, approach 1 (0).

The probability that a call in progress in a cell
may have a handover to an adjacent cell is indepen-
dent of the number of handovers that the call has
already suffered. Under this assumption, the aver-
age number of handovers per call attempt, n,,
results in

_(I_PhI)PhI_
1 =(1= Py;) Pyp

ny =

(9)

where Py, is the blocking probability for new call
attempts and Py is the dropping probability due to
unsuccessful handover.

Figure 7 shows ny, in the case of Py, = P,, = 0, as
a function of the LEO satellite’s altitude, assuming
constant the call arrival rate per cell and the half
power beam width (HPBW) of the antenna’s spot-
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beams on the satellites. Under this assumption from
(9) it follows that the mean number of handovers
per call increases as the altitude of the LEO orbits
decreases.

4. RESULTS AND COMPARISONS

In this section the performance of the DCA tech-
nique in terms of call blocking probability is derived
and compared with that we obtain by using an FCA
technique under the assumption of uniform load
conditions for the cells. The cases of LEO and GEO
satellite systems are considered.

Figure 8 shows the configuration of the mobile
network assumed in evaluating the performance of
the DCA technique by computer simulations, with
N denoting the number of cells on a side of the
network.

This network structure is widely used in the litera-
ture (N = 7)*3 in deriving the performance of allo-
cation  techniques for  terrestrial  mobile
networks. In the DCA case, the cells shown in
Figure 8 can be divided into two groups:

(1) edge cells, for which the set of interfering
cells is not complete (see Figure 4)

(ii) central cells, for which the set of interfering
cells is complete. These cells are shaded in
Figure 8.

In performing our simulations we have considered
only central cells (shaded in Figure 8) having a
complete set of interfering cells. Note that a lower
call blocking probability usually results if we con-
sider the edge cells (edge effect).®

The simulation results presented in this section
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Figure 6. Handover probabilities as a function of a
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Figure 7. Average number of handovers per call (LEO system)

Figure 8. Simulated cellular network

have been obtained by assuming the following sys-
tem parameters:

(a) N =7 (cells per side)

(b) set of interfering cells of x formed by two
tiers of adjacent cells of x (i.e. a reuse of
?)3,5

(c) M = 70 (channels).

Figure 9 shows the call blocking probability, Py, for
the proposed DCA technique as a function of the
offered traffic intensity per cell for the GEO case
(a—> ).

In the same Figure, P, achieved in the case of
a FCA technique is also reported for comparison
purposes. In this case a set of 10 channels is perma-
nently assigned to each cell. The same set of chan-
nels is reused in cells at a distance D away. The
basic FCA technique implies that a call attempt at
a cell site can only be served by an available channel
belonging to the set of channels assigned to that
cell site; otherwise the call is blocked and lost.

o
e
(4]

blocking probability
e

=)
&

6 6,6 7 7.5 8 8,5
traffic intensity per cell (erl )

Figure 9. Blocking probability as a function of the offered traffic
per cell, GEO case

According to the model outlined in the previous
section the handover arrivals process may be mod-
elled as a Poisson process, independent of the new
call arrivals process and with average arrival rate
A, related to A by

A1 = Pyi) Poy + My (1= Py2) Pro =N, (10)

Equation (10) has been derived by considering a
stability condition which, in our case, means that
the rate of mobile users leaving a cell is equal to
the rate of mobile users entering the cell.

Note that from (9) and (10) we have

A
:-=nh (11)

From above, it follows that Py, in the case of
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Figure 10. Blocking probability as a function of the offered traffic
per cell, IRIDIUM case

the FCA technique can be theoretically derived by
means of the ERLANG-B formula.

Figure 9 highlights the better performance of the
DCA technique. These advantages are reduced
under high load conditions (network
congestion ).’

Figures 10 and 11 show the behaviours of the
blocking probability (both for new call attempts and
for handover attempts) as a function of the offered
traffic intensity per cell (new arrivals), for DCA
and FCA in the case of IRIDIUM system (Figure
10) with a = 0-32 and the ARIES system (Figure
11) with @ = 0:47. These two different values of a
have been derived by assuming the same antenna
HPBW.

The considerations we can obtain from these Fig-
ures are

. =
Lallie

GEO satellite system:

The DCA technique outperforms the FCA tech-
nique, under practical call blocking probability
values (=0-03).

blecking probability

0,12
01F /-e
0.08 i FGA
0,06 - 2 s
DCA, /
I new arrivals -
0,04 -
o
0,02 DCA,
} / handover attempta
l. ————— - 1 1 - 1 | -
6 6,5 ;3 75 8 8.5 9
traffic Intensity per cell, new arrivals ( erl )
Figure 11. Blocking probability as a function of the offered traffic

per cell, ARIES case

0,1 —|r

LEO satellite systems

L. If the users mobility increases (decreasing «),
the blocking probability decreases at the same
traffic load, both in the case of FCA and DCA
techniques.

2. The proposed DCA technique reduces the
blocking probability of handover attempts with
respect to that of new call attempts by an
efficient use of the dynamic channel de-allo-
cation algorithm outlined in Section 2. This is
of particular importance in the case of LEO
satellite systems due to the high value of the
mean number of handovers per call (Figure 7).
An analogous advantage cannot be obtained by
the FCA technique, because the call manage-
ment in a cell is independent from what hap-
pens in the adjacent cells.

5. CONCLUSIONS

In this paper an efficient DCA technique suitable
for application in mobile satellite systems has been
presented.

The proposed DCA technique employs a cost
function defined for each available channel to achi-
eve an optimum channel allocation on demand. In
addition to this, a suitable channel de-allocation is
performed whenever a call termination occurs in a
cell to increase the spectrum efficiency.

It has been shown by computer simulations that
the novel DCA technique achieves better perform-
ance than FCA for both the considered GEO and
LEO satellite systems. In particular, in the case of
LEO satellite systems it has been shown that the
DCA technique permits a great reduction in the
probability that a call in progress be dropped. This
is of remarkable importance to achieve a good qual-
ity of service when the number of handovers per
call is high, as in the LEO satellite systems. The
results in Figures 911 also show that a target quality
of service (e.g. a blocking probability not greater
than 0-03) can be guaranteed for a much higher
offered traffic intensity with DCA with respect to
FCA. Assuming a traffic load of 20 mErl per MS.*
this results in a much greater mean number of MSs
in service per cell under the specified target con-
dition. In particular we have 300 MSs for the FCA
technique and 375 MSs for the DCA technique in
the case of the IRIDIUM system (Figure 10).
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