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ABSTRACT

Due to the satellite motion with respect to the earth’ s surface and the aircraft’s mobility, it is required to handover frequently in the
process of communicating , In This paper ,assuming that the aircraft’s location and speed can be determined , we proposes a suitable
study for managing handover in satellite constellations for serving air traffic communication . The main objective of This study is selecting
the best scheme which reduce significantly contact failure Probability ,this techniques are: non priority, priority, and queuing handoff
schemes ,in this paper we are interested only in schemes that prioritize handover request in particular handoff queuing schemes. Channel
allocation strategy (FCA) is employed, and the simulation results obtained concern: call blocking probability, handover failure probability,
and average waiting time in the queue. Also simulation results are compared to choose the best one which reduces the contacts
failureownership ratios. That supports more firm specific information is incorporated into stock prices as the ratio of foreign ownership
increases.

Keywords: Air traffic control, handoff, satellite constelltion, FCA

1. INTRODUCTION

Due to the motion of users (aircraft in our case), more requests of handover are created, a call of a fixed or mobile user can
be transferred from a satellite to another since the contact in progress cannot profit a suitable channel of communication in
the current satellite, handover [1-2] establishes the transfer of connection of communication of the current channel to
another.

For ensure permanent relays between ground stations and aircraft throughout the entire globe The use of satellite systems
is required. To handle the increasing aircraft number, the International Civil Aviation Organization (ICAO) proposes a system
of air traffic navigation reliable presented in Figure 1[3], capacitive and global based on a concept called Communication
Navigation Surveillance (CNS), a system of data link: Aeronautical Telecommunication Network (ATN). The current Air
Traffic Management (ATM) procedures [4] are still based on VHF communications and claims for an improvement of ATM
concepts. These challenges require the development of satellite communication, navigation and surveillance systems,
aiming at providing high reliability and availability system. The increasing number of disasters [5], natural or man-made,
occurred during the last years, in the first hours after the disaster, the existing solutions to overcome communication
problems when terrestrial infrastructures are not available are the use of satellite communication systems.

Many LEO constellations have been proposed in the literature (Iridium [6], Globalstar, etc.), while the operation of the
Iridium system has given a very important experience for the study of the serious issues of these systems.

The visibility period of a satellite in LEO systems [7] can be about 5 min due to the high speed of satellites. This leads to a
remarkable probability of communication interruption and the handover mechanism becomes important for the global
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performance of the system. There are two types of handover events, as is the case in land mobile systems, the cell
handover [8] and the satellite handover. The first one refers to the transfer of an ongoing contact from one cell to the next
one in the same satellite footprint while the second one describes the transfer of an ongoing contact from a satellite to
another one.

Few studies have been carried out on the issue of satellite handover, investigating channel allocation policies for new and
handover contacts using mainly fixed channel allocation (FCA) techniques. In this paper different queuing policies for
handover requests were investigated in order to enhance them in air navigation satellite communication [9]. This paper is
organized as follows: Section 2 presents the data model and lists the assumptions and some preliminary notions. Section 3
presents the priority strategies, Section 4 presents the simulations and discussions and the last Section will be the
conclusion.

Figure 1. Simplified Block Diagram of Satellite Air Communication System
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2. DATA MODEL AND PRELIMINARY

For the consistence with previous literatures [10] and its operational availability, the Iridium system is adopted as the basic
system model. The satellite ground-track speed is approximately 26600 km/h, the Iridium satellite network is modeled as a
one-dimensional environment in which mobile users move in straight lines and at constant speed.

We assume that the arrival of new contacts forms a Poisson process with an average A and its intensity service is p. The
arrivals of handover requests, presented in Figure 2, form a Poisson process of average Ah. If an aircraft is in the satellite
cell, the contact duration (with mean 1/u) is equal to the time during which the contact is in progress.

Figure 2: Hard Handoff between the Aircraft and Satellites
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3. HANDOFF SCHEMES IN SINGLE TRAFFIC SYSTEMS

In the coming section, we introduce no priority, priority, and queuing handoff schemes for a single traffic system such as a

voice or a data system. We assume that a system has many cells, and each has S channels. The channel holding time have
an exponential distribution with mean rate . Both originating and handoff contacts are generated in a cell, respectively
with mean rates Ay and Ay. We assume the system with a homogeneous cell. We concentrate our interest on a single cell
(called the marked cell).

3.1. No Priority Strategy (NPS)

In this case, the Handover requests are handled exactly in the same way as an originating contact. So, theblocking
probability of handover is equal to the probability of blocking new contacts. The NPS model is presented in Figure 3, where
S is the number of channels present in the satellite cell .

Figure 3: No Priority Strategy Scheme
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3.2. Priority Strategy
3.2.1. Handoff Call Queuing Prioritizing Scheme (QPS)

in this scheme, If all channels in the destination cell are occupied, a handover request is put in the queue as it is shown in
figure 4, if a channel is released when the queue of handover request is not empty, the channel is assigned following FIFO
discipline, if the received signal strength from the current BS falls below the receiver threshold level before getting service
in the target cell, the call is forced to termination.
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Figure 4: System Model with Priority and Queue for Handoff Contact
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New contacts are blocked if all channels available in the satellite cell are occupied. We get :

Pb = Z:;s P.

(2)

3)
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In the state n, the failure probability of handover is given by :

- U
P =1-T 1| 1 — @
o =1L (spe+ 2, )"
Therefore Ph is given by:
Ph = Zn:s Py Py (5)

3.2.2. Reservation Channels Strategy (RCS) :

Guard channels improve the probability of success of the handover by reserving a fixed number of guard channels reserved
exclusively for Handover (Figure 5). The remaining channels are used for Handover and new contacts

Figure 5. System Model with Priority and Reservation Channel for Handoff Contact
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The blocking probability of new contacts is equal to:
i
a)
o1y @ 7

The blocking probability of handover is equal to:

S

Ph =P, %(1— r)’

3.2.3. Guard Channels with Queue for Handoff contact (QPS +RCS):

It is a combination of the two previous techniques queuing requests and guard channels strategy reserved exclusively for
guards Handover .

Figure 6: System Model with Reservation Channel and Queue for Handoff Contact
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Where:
-1
. (A+2h) A+h)eah S . (A1+4h)* Ahi~Se
P(O): Z?:O('-:——i)-l—ZiS:SCH( i '|)i + i=S+1( +| S) i-S . (8)
iy ity St T [su+ iG]
So we obtain:
Pb=3" P() ()
Ph=2 P(S+k)Py, (10)
S < Jq Mo |1
fhlk H ; (11)

wS+p, S S+, )(2)
Where Py, is a probability that a handoff request fails after joining the queue in position k+1.
4.Result and Discusion
we suppose that
e  Contact duration is exponentially distributed with a mean of 1 min.
e The trafic in the cells follows a poisson distrubtion
e The average waiting time in the queue is exponentially distributed with a mean of 5 min.
e  Blocked contacts are lost and cleared.
e  The system has a total of 10 available channels per cell.
e  The queue length is infinite.
e  The simulation results obtained are taken after 10 000s

For the RCS model, we studied three cases according to the guard channel rates used versus to all channels allocated for
each cell.

1-Cr=10%
2-Cr=20%
3-Cr=3

DOI: 10.17261/Pressacademia.2017.614 385 PressAcademia Procedia



2rd World Conference on Technology, Innovation and Entrepreneurship (WCTIE-2017), V.5-p.379-387 Garah, et al.

Figure 7: Handover Probability Failure as Function of Traffic Intensity for RCS Model
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Figure 8: Handover Probability Failure as Function of Traffic Intensity for QPS +RCS t Models
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Figures (7) and (8) show handover blocking probability for the RCS and RCS + QPS models respectively depending on
traffic density, in the second case (RCS+QPS )the decrease in the probability failure of handover is improved compared to
the RCS model, this is due to the presence of the queue.

5. CONCLUSION

The handover is one of the critical procedures of communication in LEO satellite networks, the management of this
mechanism must be set appropriately in order to maintain communication between pilots and controllers, and thus ensure
an acceptable level of quality of communication.

In this paper we have studied a handoff schemes for satellite constellation network to reduce the probability of forced
termination of ongoing contact for serving air traffic control. The scheme employs a mobile aircraft priority based on the
residual time of this one in overlap region. Fixed channel allocation (FCA) strategy is adopted for simulation results. In terms
of CDP (Contact dropping probability), the results show that the value of this parameter is minimized for the RCS technique,
this minimization is improved when using (RCS + QPS) technique.
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