1    Introduction

1.1 Overview

This thesis investigates the problem of wireless communications networks design under survivability constraints. The design problem is to decide the suitable positions of communication devices, capacity assignment, network topology, channel assignment, and base station power control, etc. These factors are highly co-related, if we considering each factor independently would inevitably compromise optimality to a certain degree. To improve the effectiveness of our design, we try to consider all the decision variables jointly, which makes the problem much more complicated.

In order to clarify the problem, we can abstract the following essential subproblems from the whole design problem:

· MTSO (Mobile Telephone Switching Offices) Allocation Subproblem: to decide where and in what capacity we should allocate the MTSO’s to successfully handle the traffic introduced by their slave base stations.

· Base Station Allocation Subproblem: to concern about the allocation of the base stations in the designated service area.

· Power Control Subproblem: to decide the transmission power radiated from each base station to cover all the slave mobile stations.

· Network Topology and Capacity Assignment Subproblem: to determine the location and capacity of links between base stations and MTSO’s, and links among MTSO’s.

· Routing Subproblem: to select a path for each mobile station O-D pairs.

· Channel Assignment Subproblem: to assign channels to each base station selected on the base station allocation subproblem.

In network design stage, many designer plan their networks based on the assumption that all the components are operational, and treat the error handling and recovering as another problem. In real life, network failures often occur, and the quality of service degrades unexpectedly. From the viewpoint of network design, a more robust network is desired to ensure system quality of service when failures suddenly occur. So we consider the survivability issue in the design problem of wireless communications networks. All important failure scenarios can be considered in the design stage, such that there are enough resources in the system to recover from sudden accidents. The system will regain feasibility rapidly under any considered failed scenarios through base station power adjustment, channel reassignment and traffic rerouting. We introduce “system state” dimension in our formulation to handle the survivability issue with high flexibility.



1.2 Proposed Approach

We model the joint wireless communications networks design problem as an optimization problem. The mathematical programming problem is a nonlinear nonconvex mixed integer-programming problem. As we expected, the problem is by nature highly complicated and difficult. To the best of our knowledge, the proposed approach is the first attempt to consider the whole design factors jointly and formulate it rigorously.

We then apply the Lagrangean relaxation method and the subgradient method to solve the problem.



1.3 Literature Review

To the best of our knowledge, there is still no satisfactory solution to the joint design problem considering survivability for wireless communications networks. Wu did a primary work on the mathematical formulation of the design problem [Wu98]. He considered general cellular phone systems as we studied in the case user demands are assumed to be uniform and no survivability issues are considered. His algorithms based on Lagrangean relaxation method are shown to be practically efficient and effective compared with previous works.

The channel assignment problem for wireless communications networks (assuming the power radius and base stations are determined and fixed) has been shown to be equivalent to a generalized graph multi-coloring problem [23][33]. The kind of problems are known to be NP-hard [29][33]. The assignment tries to use as few channels (colors) as possible. Since there is no efficient algorithm that optimally solves this problem yet, many heuristic solution procedures for channel assignment have been proposed and evaluated in the literature [3][8][13][17][19][26][36].

In [22], Zander studied the optimal transmitter power control problem for the case of preassigned base stations and only one channel. By maximizing the number of simultaneous connections in the system, Zander presented a power control scheme that is optimal. Removing the combinations of cells, he computed the eigenvalues of each reduced system until the carrier-to-interference ratio is fulfilled. Such a problem is computationally hard and it is not known whether an polynomial time algorithm exists to optimally solve the problem. However, for a given set of co-channel links, the problem of determining whether there exists a feasible power vector the guarantees carrier-to-interference ratios at all mobiles above a prespecified threshold is solvable [22][31]. In [14] and [21], Foschini and Zander proposed synchronous distributed power control algorithms. In [9], Mitra extended Foschini’s synchronous algorithm by allowing asynchrony between the various mobile stations and base stations and successfully reduced the need for coordination.

As for the MTSO and the base station allocation sub-problems, there is not much published research result. In [18], Tollis tried to optimize the partition of cellular networks where the MTSO allocation sub-problem was not considered. In [10], an algorithm for optimal base placement in indoor wireless networks is proposed.

In [2], a simplified formulation for optimization-based power control and channel assignment is proposed. In [16], [25] and [27], several algorithms for joint power control and channel assignment with varying complexities are proposed and compared, while in [35], a simplified two-mobile-station model of joint optimal channel, base station and power assignment for wireless access is considered. In [4], [15] and [32], different adaptive methods for efficiently allocating the available radio resources have been combined and evaluated.



1.4 Thesis Organization

The remainder of this thesis is organized as follows. In chapter 2, a mathematical formulation of the wireless communications networks design problem is presented. In chapter 3, a dual approach for the problem based on Lagrangean relaxation method is proposed. We then propose several heuristics and algorithms on getting primal feasible solutions in chapter 4. Some testing examples are designed and detailed computational results are reported in chapter 5. Chapter 6 summarizes the thesis and some future research directions are suggested.
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