2    Problem Formulation

2.1 Notation

For the convenience of readers, a legend of the notation used in the proposed mathematical formulation is given as follows. (Table 2.1)




Notation
Descriptions
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Capacity assigned for link l. (Decision variable)
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Aggregate flow on base station j on network state e. (Secondary decision variable)



[image: image3.wmf]e

i

h


Decision variable which is 1 if channel i is used on network state e and 0 otherwise.
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Number of channels required. (Decision variable)
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Number of channels required for base station j.



[image: image6.wmf]e

p

x


Routing decision variable which is 1 if path p is selected on network state e.
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Decision variable which is 1 if channel i is assigned to base station j on network state e.
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Call blocking probability of link l required by users.
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Call blocking probability of base station j required by users.
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Indicator function which is 1 if link l belongs to path p and 0 otherwise.
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Indicator function which is 1 if base station j is one end of link l and 0 otherwise.
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Indicator function which is 1 if mobile station r is one end of link l.
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Coverage ratio on network state e.
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User demand of O-D pair w (in Erlangs).
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Channel licensing cost.
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Distance between base station j and j’.
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Distance between mobile station r and base station j.
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Cost function of link l with capacity cl.
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Cost function of base station j with capacity nj.
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Maximum traffic (in Erlangs) that can be supported by 
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 trunks such that the call blocking probability shall not exceed 
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Minimum number of trunks required for traffic demand 
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 such that the call blocking probability shall not exceed 
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Upper bound on total number of channels.
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Upper bound on number of channels that can be assigned to base station j.
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Threshold of acceptable C/I (carrier-to-interference) ratio
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An arbitrarily large number.

Table 2.1 Legend of Notation.



2.2 Problem Formulation

The design problem is modeled as a nonlinear nonconvex mixed integer programming problem.



Problem (IP)
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The objective function is to minimize the sum of the following items: (1) the cost of links, including connections among MTSO’s and their slave base stations, and the cost related with MTSO’s (recall that MTSO is modeled as a link in our formulation), (2) fixed and variable cost of base station j, including installation, operation, maintenance, and equipment cost, and (3) channel licensing cost. These items are the major costs involved in configuring a cellular network [7].

The following is an interpretation of constraints in our model.

· Constraint (1): (with Constraint (14)) requires that the traffic for an O-D pair either be transmitted over exactly one path, or not be transmitted (rejected by the system).

· Constraint (2): to ensure that the transmission radius of the base stations is in the range between 0 and 
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.

· Constraint (3): to ensure that a mobile station is in the service area of a base station before being served by that base station.

· Constraint (4): capacity constraints of link l. 

· Constraint (5): to enforce that the coverage ratio in every system state fulfills the required threshold.

· Constraint (6)-(7): to ensure that the number of channels assigned to each base station is large enough to serve the traffic demand of its slave mobile stations.

· Constraint (8): to ensure that we have a channel installed before we can assign the channel to a base station.

· Constraint (9): to enforce the number of channels assigned to each base station in every system state is under its upper bound.

· Constraint (10): to enforce 
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 to be the largest number of channels required for base station j among all system states.

· Constraint (11): to enforce m to be the largest number of channels required among all system states.

· Constraint (12): to ensure that for each channel, the sum of the interference introduced by other co-channel users is less than the threshold.

· Constraint (13): to enforce the integer property of the decision variables with respect to channel usage.

· Constraint (14): to enforce the integer property of the decision variables with respect to routing.

· Constraint (15): to enforce the integer property of the decision variables with respect to channel assignment.

· Constraint (16)-(18): to enforce the capacity of three types of links belongs to the given three value sets respectively.

· Constraint (19)-(20): to enforce the value of decision variable 
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 to be nonnegative integers no more than N.

· Constraint (21)-(22): to enforce the value of decision variable 
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 to be nonnegative integers no more than M.
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