CSE 4520/5520 Wireless Networks
Project2 (Due 4th November, 2009)
In this project, we implement a communication protocol between wireless network elements MS (mobile station1), BS1 (Base Station1), BS2 (base station2), and MSC.  We would like to handoff a call between BS1 and BS2. Assume message exchange between MS and BS1 and between MS and BS2. See the following figure for connectivity. Note that the connectivity between two base stations required for handoff. A reason for handoff is due to mobility . MS will be moving from BS1 to BS2. Undergrad students (4520) will implement basic handoff between MS, BS1 and BS2.  Grad student will implement a handoff procedure between MS, BS1and BS2 and also the message exchange between BS1 and BS2. Refer handout for implementing the handoff algorithm (there are three methods described in the handout). Make sure that you implement two thresholds (up and down threshold) 
MS1 ( (  BS1-----MSC
   |                  |               |  
   |                  |               |    
   | ------(  BS2---------
Some requirements:

· A clearly defined message exchange between MS, and BS1; also between BS2 and MS. For example, here are some ideas (this is only an example, you can be lot more creative than this):
· Origination side

· Send a  origination message

· Expect to receive a responses such as a ringback-tone, Error, and  connect messages
· Termination side

· Expect to receive a request like a  page  messages
· Able to send responses such as a Error (e.g., busy) or connect message

· Assume mobile is making the measurements and communicating to base stations. Next, BS1/ BS2 will decide when to handoff (this means network will decide)
· In order to implement handoff, you need to implement a state machine for MS,and BS.  These state machines should be able to receive, and send messages. In addition, you implement proper timeouts in each state.

· You need to implement separate processes for MS, BS1, BS2 and MSC 
· Use C or C++ language and Linux OS for implementing the above state machines.  
We will arrange a demo for your project at the end of the semester. So, test thoroughly the procedures before the demo.
Report should contain the following:

· Problem definition

· Experimental setup
· Assumptions
· Description of the software  architecture and  design

· Sequence charts
· State diagrams for all the network modules
· Description of the state diagram
· Code (fully commented and clearly specify the modules/functions written by each member in the group)
· CLI for inputting as well as outputting the data (call specific info) Problems you faced during design and implementation
· Conclusions; discuss how your assumptions have affected the final outcome
APPENDIX (this is a real event chart from the CDMA specification and I am giving this info as an example.  You do not have to implement all the messages):
Soft/softer Handoff Addition

Soft/softer handoff addition occurs as shown in the following diagram.  Soft/softer handoff addition includes both the creation of new A3 connections, as well as the addition of cells to existing A3 connections.


[image: image1.wmf]Source BS

Target BS

MS

MSC

A7- Handoff Request

A3-Connect

A3-Connect 

Ack

A7- Handoff

 

Request Ack

A3-Traffic Channel Status

Extended Handoff Direction Message

Handoff Performed

a

b

c

g

h

i

j

Time

Comment

Conditional:

(See 

IS-

634.1

section

3.4.1.1.2)

MS 

Ack Order

Handoff Completion Message

BS 

Ack Order

k

l

m

Thoreq

Tconn3

d

A3-CEData Forward (Forward Frames)

Forward Frames

e

f

A3-CEData Reverse (Idle Frames)

Conditional:

(See 

IS-

634.1

section

3.3.1.3)


Figure 3- 5 - Soft/softer Handoff Addition

a.     The source BS decides that one or more cells at the target BS are needed to support the call in soft/softer handoff.  The source BS sends an A7-Handoff Request to the target BS and starts timer Thoreq.

b.
The target BS initiates an A3 connection by sending an A3-Connect message to the specified address.  Note that a single A7-Handoff Request message may result in multiple A3 connections being established, each using a separate A3-Connect message.  This example shows only a single A3 connection being established.

c.
The source BS replies with a A3-Connect Ack message to complete the A3 connection or to acknowledge the addition of cells to an existing A3 connection.

d.
The source BS begins to send forward frames to the target BS.

e.
The target BS begins to transmit the forward frames as soon as synchronization has occurred.

f.
The target BS begins to send reverse idle frames as soon as the first forward frame is received from the source BS.  The reverse frames contain the timing adjustment information necessary to achieve synchronization.

g.
The target BS sends an A7-Handoff Request Ack message to the source BS to indicate the success of the cell addition(s).  The source BS stops timer Thoreq.

h.
If the source BS has chosen to be notified of the start of transmission and reception at the target BS, when its SDU function and the target BS have synchronized the A3 traffic subchannel, the target BS replies with an A3-Traffic Channel Status message.  See also section 3.4.1.1.2 “A3-Connect Ack”.  Note that this step may occur any time after step (d).

i.
The source BS sends an Extended Handoff Direction Message to the mobile station to add the new cell(s) to the active set.

j.
The mobile station acknowledges receipt of the Extended Handoff Direction Message with an MS Ack Order.

k.
The mobile station indicates successful results of processing the Extended Handoff Direction Message by sending a Handoff Completion Message.

l.
The source BS acknowledges receipt of the Handoff Completion Message by sending a BS Ack Order.

m.
The source BS may send a Handoff Performed message to the MSC.  See section 3.3.1.3 “Concept of A Designated Cell”.  The Handoff Performed message may be sent any time after the Handoff Completion Message is received by the BS.

Soft/softer Handoff Removal 

Soft/softer handoff removal occurs as shown in the following diagram.
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a.
The source BS sends an Extended Handoff Direction Message in an A3-CEData Forward message to the target BS to be sent to the mobile station to drop one or more cell(s) from the active set.

b.
The source BS and target BS transmit the Extended Handoff Direction Message to the mobile station. 

c.
The mobile station acknowledges receipt of the Extended Handoff Direction Message with an MS Ack Order transmitted to both the source and target BSs.

d.
The target BS sends the MS Ack Order to the source BS in an A3-CEData Reverse message.

e.
The mobile station indicates successful results of processing the Extended Handoff Direction Message by sending a Handoff Completion Message.

f.
The source BS acknowledges receipt of the Handoff Completion Message by sending a BS Ack Order.

g.
The source BS sends an A7-Drop Target message to the target BS to request that the specified cells be removed from the call.  The source BS starts timer Tdrptgt.

h.
The target BS, upon receipt of the A7-Drop Target message, deallocates internal resources related to the specified cells. The target BS sends an A3-Remove message to the SDU function of the source BS and starts timer Tdiscon3.

i.
The SDU function of the source BS replies with an A3-Remove Ack message and deallocates internal resources.  The target BS stop timer Tdiscon3.

j.
The target BS sends an A7-Drop Target Ack message to the source BS to acknowledge the removal of the specified cells.  The source BS stops timer Tdrptgt.

k.
The source BS may send a Handoff Performed message to the MSC. See section 3.3.1.3 “Concept of A Designated Cell”.  The Handoff Performed message may be sent any time after the Handoff Completion Message is received by the BS.
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