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Abstract

Mobile communication is a new communication technology
founded by Bell Labs. in 1970’s. From the beginning of its
commercial use in 1983, it has been widely used in many fields and
become a popular communication tool. With the rapidly developing
of the theory of mobile communication, many correlative fields
make remarkably progress. Nowadays, there are so many national
research institutions and communication companies, which put their
energy into the research on the mobile communication theory
analysis and the development of its production.

Theory analysis, field survey, and computer simulation are the
primary tools to deal with research on mobile communication.
Deep researching into the theory of mobile communication brought
about the naissance of queueing theory. On the one hand, the
progress of queueing theory impulses the evolution of the mobile
communication technology. On the other hand, the vast new
phenomena and new problems come forth from the developing
mobile communication technology excite the extendability and
update of the queueing theory.

In this thesis, we mainly use system density evolution method
to study several stochastic problems in mobile communication,
which can be dealt with queueing theory, including mobility
management, channel allocation, fractal aspect of data stream, and
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the well posed-ness of the density evolution equations of the
queueing models.

The paper is arranged as follows:

(1) We study the problem of the mobility management. Mobile
communication requires mobile terminal to be contacted with mobile
network at any moment in order to establish connection as soon as
there comes calling. Holding the rule of mobility of mobile terminal
and the distribution of the count of a mobile terminal crossing the
location areas is the precondition for designing location management
scheme. We set up and analyze several models for mobile terminal
crossing the location areas. Firstly, considering the cases of both
delayed renewal process and Markovian arrival process, by setting
up and resolving the density evolution, we obtain the distribution of
the count of a mobile crossing the location areas. Secondly,
considering the cases of both Poisson arrival process and Markovian
arrival process in cellular, we obtain the distribution of the count of a
mobile crossing the location areas and the distribution of the layer of
the mobile terminal beingin. Finally, using the acquired distribution
formula, we compare the cost of the basic location management
scheme with that of the pointer forward scheme and the basic
location management scheme to that of the ring scheme.

(2) We study the problem of channels allocation of base station
of GPRS in mobile communication with two kinds of traffic, i.e.,
real-time traffic and non-real-time traffic. Extending and optimizing
the channels utilizing becomes more and more important as while as
various business rush into mobile communication. In GPRS, when

A%
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we only consider voice calls traffic and packet data traffic, the
channel allocation problem turns into multi-class server queueing
models. The task in this chapter is detailed as follows: Firstly, we set
up and analyze two models for channel allocation, which are Poisson
arrival process for two and Poisson arrival process for voice calls
traffic while Markovian arrival process for packet data traffic.
Secondly, we obtain a numerical algorithm for solving the models
established above. Finally, by using the algorithm, we analyze a real
problem with MMPP.

(3) We study the fractal aspect of traffic in mobile communica-
tion. With the deep development of mobile communication, various
business, including voice calls, data packet, and image, rush from
mobile communication, while these traffic are not fitted Markovian
process very well. Then, it is very important to depict traffic to
queue models by obtaining some new approach. In this chapter, we
integrate both system density evolution method and fractal-iterated
function theory to research on fractal queueing system. Firstly, we
introduce the fractal phenomenon and fractal-iterated function, and
elicit affine transformation in random fractal-iterated function.
Secondly, introduce the mathematic property of fractal-iterated
function and the fractal character of traffic, prepared for following
studying. Finally, combining fractal-iterated function theory with
system density evolution method, we set up two models as discrete
feedback, queueing system and continuous queueing system. These
models can be reduced to ordinary queueing system.

(4) We study the well posed-ness of the density evolution
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equations of the queueing models. By using system density
evolution method, we can set up and analyze most stochastic models.
In order to guarantee the applicability of these models, we should
prove that density solution of the density evolution equation
uniquely exists. Thus, we utilize Cy-semi-group theory to prove well
posed-ness of some density evolution equations. Firstly, introduce
the Cy-semi-group theory related with the well posed-ness of
calculous equations and probability property. Secondly, prove that
the time-dependent density solution of the density evolution
equation of M /M /e uniquely exists and strongly converges to its
steady state density solution. Next extend the forenamed conclusion
to general case, which cannot be decomposed to two bounded linear
operators, and prove that the density solution of the density
evolution equation of that class uniquely exists. Finally, prove that
the density solution of the density evolution equation, which is
obtained from mobile management in mobile communication,
uniquely exists.

Key words mobile computing channels allocation, stochastic models, system
density evolution method, C-semi-group, wellposed-ness
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