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Problem Description

To optimize profit, companies managing wireless networks want to cover as much area as possible with as little monetary outlay as possible.  They want to increase bandwidth in high population density areas and increase power in areas where costs restrict locating many antennas.  They would like to optimize call switching algorithms to minimize delay, while at the same time preserving bandwidth.  A dropped or blocked call is money out of their pockets, but on the other hand so is idle capacity.  The desire of wireless network companies is to determine the values for all of these variables which would minimize cost and maximize earnings.

RACEWIN

The Resource Allocation and Admission Control Evaluator for Wireless Information Networks (RACEWIN) Project is currently being worked on by Dr. Edward Chow and his students.  The project’s goals is to build a software design system called RACEWIN to facilitate the design and analysis of efficient algorithms for cell size determination, hand-off procedures and traffic management of Personal Communications Services (PCS) Wireless Information Networks.

The RACEWIN approach includes building a wireless network simulation tool in order to test the variation of certain parameters to determine the optimal settings.  My project was to design and build a version of such simulator, called RACESIM.

Simulator Description

The RACESIM is the backend to a Graphical Users Interface and Event Simulator named UTMOST developed by another of Dr. Chow’s students, Heidi McClure.  The UTMOST GUI is shown below.



The output of the GUI is a topology file, a set of activity data files and a set of boundary crossing data files.

The Topology File consists of information about a set of antennas in the wireless network.  For each antenna will be listed, its location, the cell to which it belongs, its direction and power level.  The cells will be hexagonal with three antennas located at the center.  Each antenna will be responsible for 120 degrees of the area.

The set of activity files reports on users’ actions at discrete points in the simulation.  Each activity file represents the users’ actions at one step in the simulation.  For each action, the time, the user number, location and activity (“Calling”, “Roaming” or “Driving” ) are listed.  “Calling” represents a user who is calling, “Roaming” represents a user who has the mobile phone on, so that periodic registrations will take place, but is not calling, and “Driving” represents a use without the phone switched on.

The set of boundary crossing files lists boundary crossings by users at a certain step in the simulation.   Each boundary crossing record lists the time of the crossing, the user and the location.

RACESIM uses the NETSIM libraries to handle the queuing of events based on time.

DESIGN

The modeled entities of RACESIM are the Mobile Switching Center (MSC), the Base Stations (BSS) and their respective antennae and the users.

RACESIM takes as input the default directory of the data files, the time of the UTMOST simulation (since this is the name of the directory into which the datafiles will be placed, and the number of cells in the simulation (currently 4 or 7 ).  RACESIM reads the Topology file first to set up its internal data structures: initializing each Base Station and its antennae.  

Then RACESIM enters a giant loop which does not exit until all datafiles have been read.  For each step, RACESIM reads the corresponding activity and boundary crossing data files and places events on a time sorted queue.   After all events for a given step have been placed on the queue, the events are pulled off one by one and processed.

1. As each event is pulled from the queue, the event time is compared with the RACESIM system time.  If the event time is greater than the system time, the message queues of the MTSO and Base Stations are checked for any messages whose time has come.   A message is due if both the clock of the entity, MTSO or Base Station,  and the time of the message are earlier than the time of the event.   The “due” message with the earliest time is the first message processed.  The algorithm is similar for both the MTSO and a BSS

2. If the entity’s clock is earlier than the time of the message, set the clock to the time of the message.

3. The clock is incremented by the message processing time.

4. The message is processed.

The next “due” message is processed.  Keep in mind that message processing can cause additional messages to be added to either the MSC’s message queue or a BSS’s message queue.

· After all “due” messages have been processed, the event is processed.  

· If the event indicates that the user is “Driving” or “Roaming” and the previous state of the user was “Calling”, “DISCONNECT” messages are placed on the message queue of every BSS.  

· If the activity is “Roaming” and the user was not calling, RACESIM checks the last registration time of the user to see whether the user should register.  If  the current time minus the last registration time is greater than the registration interval, a “REGISTER” message is placed on the message queue of every BSS.

· If the activity is “Calling” and the user was not calling, a “CONNECT” message is placed on the message queue of every BSS.

· If the activity is “Calling” and the user is already calling, a “CALLING” message is placed on the message queue of every BSS.

Every message contains the time the message was placed on the message queue, the user and his location.  The time is the current time plus the propagation delay based on the distance between the user and each BSS.  

Base Stations (BSS)

Each BSS consists of a clock, a message queue and three antennas, and each antenna consists of 18 channels.    The BSS receives control data from the mobile user and passes these control messages on to the MSC.  The BSS also create “SIGNAL_LEVEL” messages to send to the MSC.  The “SIGNAL_LEVEL” messages contains a signal level which is computed using the user’s power level and the distance between the user and the BSS to compute the signal level received by the BSS. The MSC uses these signal levels when selecting an antenna to handle a call, or to decide if a handoff is necessary

The BSS process the following messages based on user events:

REGISTER -The BSS creates a “SIGNAL_LEVEL” message and places it on the message queue of the MSC.   The BSS also places a “REGISTER” message on the MSC’s message queue.

CONNECT  -The BSS creates a “SIGNAL_LEVEL” message and places it on the message queue of the MSC.    The BSS also places a “CONNECT” message on the MSC’s message queue.

DISCONNECT – The BSS places a “DISCONNECT” message on the MSC’s message queue.

CALLING – The BSS creates a “SIGNAL_LEVEL” message and places it on the message queue of the MSC.

The BSS also processes the following messages received from the MSC.

MAKE_REGISTER – A “DISCONNECT” message is sent to the BSS telling him to deallocate the channel.

MAKE_CONNECT – If the call is blocked due to queuing delay, a“DISCONNECT” message is sent to the BSS telling him to deallocate the channel.

Mobile Switching Center (MTSO)

The MSC is the main controller of the mobile network.  It is the interface between a set of base stations and the long haul lines.  It keeps track of bandwidth allocation, i.e. which users are assigned to which channels and receives power level updates from the base stations.  When a user attempts to place a call, it is the MSC that allocates the bandwidth , and, when the call is finished, it is the MSC that deallocates the bandwidth.  The MSC is also responsible for call handoffs.

The MSC is modeled as a data structure with a clock and a message queue.  Messages are added to the queue by the base stations.  The MSC pulls each message of f in order and processes it based on message type, the clock is updated by the message processing time after each message has been processed.  The MSC will receive the following message from the BSS.

SIGNAL_STRENGTH – The MSC updates the signal strength’s list for the corresponding user.  If the message is from the antenna currently assigned to the user for a call, and the signal level is below the threshold, a handoff is initiated.  

For a handoff the MSC finds the available channel with the highest signal level.  If no channels can be found that are available and with the received signal level above the threshold the call is dropped.  If a channel is found a “MAKE_CONNECT” message is placed on the message queue of the corresponding BSS.  In all cases a the old channel is deallocated.

REGISTER – The MSC finds an available channel, marks the channel as in use and sends a “MAKE_REGISTER” message to the corresponding BSS.

CONNECT – If the MSC clock is much greater than the message time, the call is blocked due to queuing delay.  If no available channel is found, the call is blocked due to unavailable bandwidth.  Otherwise the channel is marked as in use and  a “MAKE_CONNECT” message is sent to the corresponding BSS.

DISCONNECT – The corresponding channel is deallocated.

Results
The deliverables for this project will include a working prototype of  RACESIM and a  report that documents the design and implementation of the RACEWIN Simulator and the analysis of  the simulation results on a few test networks.
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