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Abstract — This paper mainly focuses on the solving of joint link scheduling, which is a major aspect of
resource allocation in a wireless satellite communication system. A brief review of some early definitive
schedulers are presented and evaluated first, then the prevailing heuristic scheduler, alongside with the most
up-to-date intelligent optimal schedulers are further introduced. Some problems which still exist in current
schedulersare brought forward and discussed at the end of this paper.
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I INTRODUCTION

Wireless communication systems utilizing geostationary satellites will gradually take over the market of the
prevailing terrestrial wireless communication systems. Though satellite-based systems are currently available
mainly for protected military communications, there is a high possibly, nearly a certainty, that such systemisto
prevail in daily usage in the nearby future.

Satellite communications possess great advantages over the conventiona terrestrial wireless communication
systems. For instance, in the current cellular wireless communication systems (e.g. the GSM system), cell
coverage tend to be small irregular shaped areas normally a few kilometers in diameter, thus cell selection and
reselection have to be done in short time intervals if the mobile station is in constant move . However,
satellite-based systems have large regional coverage area; those spot beams are regular shaped and typically
have a radius of a few hundred kilometers 13, thus the coverage area which overlaps national boundaries and
service areas will offer continuous high quality signals even if the mobile earth station is moving with a rapid
pace.

An important feature of satellite-based systems is that they communicate via packet traffic, and packet-switched
traffic has a bursty nature ¥, Therefore, dynamic allocation schemes have to be available to support such bursty
traffic in order to maximize system capacity as well as to insure fair allocation of resources. Another noticeable
difference between satellite-based and earth-bond systems is that the link quality varies more in a satellite
communication system, for instance, weather acts as an important factor determining link quality along the
propagation path, many decibels of additional attenuation can be resulted by a rain (). These variations in link
quality, though occasional, must be accounted when proposing a certain allocation scheme.

As an overall approach, radio resource management plays an important role in maximizing throughput and
ensuring a fair alocation of resources to al the terminals requiring services in a single satellite system.
Resource allocation in a wireless satellite communication system involves the solving of joint link scheduling
and ensuring proper power allocation . In the following parts of this paper, we will assume that all nodes in the
satellite-based network have fixed transmission power levels in order to simplify such a problem, a few
scheduling methods are discussed and evaluated in the paper.

. SOME EARLY SCHEDULERS

Technically, satellite data transmission scheduling problem refers to the allocation of sufficient radio resources
in both satellite and earth terminals in order to successfully transmit the data required. Anaysis of the
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scheduling problems consists of three major aspects, namely the study of system models, scheduling algorithms
and practical application. The study of scheduling algorithms is the key aspect in solving such scheduling
problems.

Prevailing alocation algorithms for terrestrial wireless systems during late 1970s are first applied to
satellite-based systems, and without any doubt, all of such attempts had proven to be a failure. The difference of
satellite-based and earth-bond systems in scheduling problems is that the satellite-based systems have epoch
constraints, that is, system requirement indicates that time have to be allocated to individual terminals via the
unit of epoch. In a satellite communication system, an epoch is an inseparable time unit used to accommodate
the long propagation delay and reserve time for sufficient processing, an entire epoch has to be in the same
mode, and in that sense, in a single epoch, which consists a integer number of timeslots (usually the number of
time-dots in an epoch can be quite large, up to 300), the modulation format, coding rate and burst rate have to
be exactly identical. So assuming that in a certain satellite communication system, a single epoch is divided into
300 time-slots, suppose that there are two terminals; terminal 1 has a queue length of 300 and terminal 2 has a
queue length of 299, so when the system examines the terminals to minimize queue length during the allocation
of time, terminal 1 will get a single epoch, with all the 300 time-dots assigned to it. But by common sense, we
can well know that the optima solution is allocating 150 time-slot each so that the queue length of both
terminals are shorten and equalized.

In hope of obtaining better scheduling for satellite-based communication systems, dedicated solutionsto satellite
scheduling problem are being studied throughout the world. Studies of such algorithms started in early 1980s by
IBM Company in hope to solve satellite range scheduling problems utilizing computer, certain week scheduling,
day scheduling and real-time scheduling methods are obtained '®. But it wasn’t until 1992 when Gooley,
Schalck and Parish from Air Force Ingtitute of Technology started investigating resource alocation schedulers
for Air Force Satellite Control Network that a complete and well-oriented study of scheduling algorithm in
satellite system is put on schedule ). Such studies led to the various schedulers that are available today, most
schedulers can be classified into three distinctive groups, namely the definitive scheduler, the heuristic scheduler,
and the most up-to-date intelligent optimal scheduler [,

Definitive scheduler is the first available scheduler and it is born alongside with the practicalizing of satellite
communication system for commercial use. In a definite scheduler, algorithms tend to be rather restricted to
solving some pre-determined functions for optimal solution, these algorithms work well with small problems
with a limited number of terminals, but as the number of terminals increases, the complexity of the problems
becomes uncontrollably large I*%, Examples of such definite scheduler algorithms include the Strict Priority
and Weighted Round Robin algorithm, mixed integer programming algorithm, dynamic programming algorithm,
as well as the Depth First Branch and Bound algorithm. Strict Priority Round Robin algorithm examine queues
in astrict priority order, it is obvious that such arigid way of solving alocation problem is the easiest but, at the
same time, the solution is aso the farthest away from the optimal one, the Weighted Round Robin algorithm is
dlightly better since queue weights are considered ™. The mixed integer programming algorithm 23 works
best with small scheduling problems but worsen at the greatest rate when the number of terminals gets larger.
The dynamic programming algorithm 4™ s quite effective in solving satellite management and scheduling
problem under terrestrial surveillance, but gets rather complex when dealing with complicated constraints.
Depth First Branch and Bound algorithm *® has proven to be able to obtain the optimal solution for
management and scheduling problem of the SPOT satellite, but nonetheless, it is restricted to solving small
problems, complexity of the problems varies much if the problem gets bigger.

M1, HEURISTIC AND INTELLIGENT OPTIMAL SCHEDULERS

Heuristic scheduler refersto a group of related algorithms that solves such scheduling problems via closing in to
the optimal solution by a heuristic function; such methods are regarded as a dynamic way of alocation. In
conventional Earth-bond wireless systems, one way of solving potential contentions in resource management is
the overprovision of resources, but this is not feasible in a satellite-based system. In terrestrial cellular systems,
the path loss model can be characterized by an Ricean fading with a typical k-factor of between 7 and 9™, so
fading can be rather evident even in short range. Due to the sharp fading characteristic in such terrestrial cellular
systems, certain frequencies used in one cell can be reused by another outside its coverage, usually only a few
kilometers away from the original cell. However, such frequency reuse is not viable in satellite-based systems,
for a spot beam originates from a single satellite covering areas severa hundreds of kilometers in diameter,
besides, the signal propagate in a free space with an exponential loss factor of 2, so it won't be afew hundred or
even a few thousand kilometers before fading is complete and the frequencies can be reused. In general,
resources are rather limited in satellite-based systems, so an efficient dynamic allocation algorithm has to be in
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place to solve such contentions in resource allocation.

Since the Strict Priority Round Robin scheduler in which queues are examined strictly in priority order had
proven to be rather inefficient, an Equitable Weighted Queue Length Scheduler is presented, such an algorithm
is based on the principle to ensure fair service to al terminals with identical priority within a single epoch.
Hence the algorithm is designed in away that the system allocates radio resources so as to equalize the weighted
gueue lengths at the end of each epoch. The proposed algorithms relies on a quadratic function with very few
constraints, thus it would be relatively easy to solve the problem in a small scale. Such a scheduler is
substantially dynamic in that it varies the allocation of resources according to the quality of the channel as well
as the length of the queues, thus no queue is alowed to grow too long and similar services are provided to al
gueues with identical weights.

However, as the problem scale gets larger, difficulties arises when solving the scheduling algorithm of the
Equitable Weighted Queue Length Scheduler, thisis partialy due to the nature of the quadratic function, as well
as the integral nature of the values of variables. Therefore a typical heuristic allocation algorithm is further
introduced; this method divides the process of solving the Equitable Weighted Queue Length function into two
parts. Firstly, the maximum weight objective function is applied so as to maximize the sum of the weighted
gueue length of the users served, as solving such a function is only a linear program, we can easily obtain an
integer value of the variable. After which, the mode of each terminal is fixed according to the results of the
mixed integer linear program, in such a way variables can be continuous and the difficulty in solving the
quadratic function is dramatically dropped. Such a scheduler is now commonly used in solving large-scaled
satellite scheduling problems.

Based on the typical heuristic allocation algorithm described above, many practical schedulers are derived for
military and commercia use. Marketization of heuristic schedulers can be dated back to 1996, when a hybrid
scheduling algorithm is introduced by Gooley, Borsi and Moore in the AFSCN high orbit satellte resource
scheduling problem, in which optimal time slot interval is obtained by limiting the adjustment time interval of
the operation time ?. Then in 2001, a heuristic biased stochastic sampling algorithm is introduced by Frank
Jeremy, Ari Jonsson and Robert Morris, in this algorithm, preference function is combined with the heuristic
information and random access technique to obtain an optimal solution 2. To meet the demand of resource
allocation in low orbit satellite, a greedy activity-selector algorithm is brought about, this is a ssimple technique
and relatively less time-consuming than other heuristic schedulers, but it's weakness is also evident, this method
needs simplification of allocation model and therefore does not provide precise solution, besides, it only
provides solutions for satellite in low orbit 2124,

The intelligent optimal scheduler is a novel alocation method derived from the typica heuristic allocation
agorithm % |n the very beginning, such a scheduler is often based on some evolutionary intelligent
agorithms ??81 in which a group evolutionary operation is used in optimizing the solution to the allocation
problem. A swarm intelligent algorithm ?%3Y 5 then further introduced, such an algorithm obtains the
optimal solution through the interaction between individuals, whereby acquiring a group intelligence behavior.
An example of such algorithms includes the Ant Colony Optimization Algorithm, which is already in practical

use in AFSCN but still requires further research 2.

Many problems still exists in the current resource allocation schedulers; for instance, most schedulers today still
focus more on single-objective scheduling agorithms, which is far from efficient in the current satellite
communication systems. In most circumstances, a few scheduling objectives have to be optimized
simultaneously in order to obtain a compromised set of solutions, which is regarded as multi-objective
scheduling algorithms B34, Almost all algorithms mentioned above, whether it be opportunistic, or based in

priority order or heuristic function, are al limited in solving single-objective scheduling problems.

The intelligent optimal scheduler is brought forward in hope of optimizing such multi-objective scheduling
problems ¥ but much research work has to be done yet to develop a fully operational multi-satellite
resource allocation system. Besides, an ameliorated Greedy Activity-Selection Algorithm ¥ has proven its
effectiveness in multi-resources range scheduling, this greedy maximal scheduling model takes network
geometry and the cumulative interference effect into account and therefore developes the optimal solution to
multi-objective problems, but nonetheless, it still requires much further studies before applying for commercial
use.

Another significant problem yet to be solved is the maximization of efficiency in those allocation algorithms.
The time accounted for satellite data transmission includes both the operation time of the specific agorithm
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selected as well as the time needed for data transmission via the air radio interface. A balance between the two
time factors has to be obtained in order to ensure the efficiency in a certain operation. Most advanced algorithms,
though optimal in solution, tend to consume a larger amount of time in calculation. As more and more satellites
are currently available and the amount of data transmission increase dramatically, many previous efficient
algorithms started to be much too time-consuming, thus some alocation agorithms have to be re-evaluated and
reselected, in order to reduce the time needed to come up with the desired solution.

V. CONCLUSIONS

Satellite communication for commercial use start to prevail in recent years, and alongside with it reveals the
problem of the urgent need for efficient resource allocation schemes. Through many years of research, certain
joint link scheduling algorithms have aready proven its effectiveness in the current satellite communication
systems and can well meet the need of practical use. However, the demand for multi-objective scheduling arises,
which means that in the nearby future satellite communication systems are to meet the need of many bursty
users with varying QoS requirements, thus the scheduling algorithms used should ensure fairness,as well as to
maximize the overall system capacity under time-varying channel conditions and traffic loads. All these above
requirements brought forward the need of finding new scheduling methods that can balance between al
demanding criteria and acquiring the optimal solution to the allocation problem. Some intelligent optimal
scheduler algorithms have already shown efficiency in solving such complicated resource allocation problemsin
satellite systems, but much more have to be done in ameliorating these present schedulers.
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