Introduction to Spread Spectrum Communications

Mini-Project #3
DUE:  April 30, 2008 (5pm)

Note:  You may use outside references including books and notes but you may not obtain assistance from another person.
PLEASE MAKE SURE YOU ANSWER ALL PARTS OF EACH PROBLEM AND CLEARLY MARK YOUR ANSWERS.  MATLAB CODE SHOULD BE CLEARLY DOCUMENTED AND INCLUDED IN AN APPENDIX.

I pledge that I have neither given nor received any assistance on this exam.

(signed)

Note:  Please be sure to read the entire problem.  Include all figures and CLEARLY indicate your final answer.
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________________________
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General Directions

· Please fully explain you answers.  

· Whenever you compare theory to simulation results, provide the original equations for the theory.  

· Put any Matlab code in an appendix or in a zip file.  DO NOT LIST CODE IN YOUR ANSWER.

· Make sure that all plots are legible.  If you choose to use colors, make sure that legends are discernable in black-and-white since I will grade black-and-white print-outs.

· Include a legend on every plot as well as a figure caption and title.

· In any theoretical development, clearly delineate your final answer.

· The penalty for late assignments is 10pts/day.

1.  (40 points) A digital communication system is using BPSK modulation and DS/SS with long (non-repeating) random spreading codes with a spreading gain of 31 (i.e., 31 chips per bit) and a chip duration of 1s.  Users are chip synchronous (but not bit synchronous) with random phases (uniformly distributed on (0,2)).  The system has perfect power control and the receiver uses a matched filter.  There is no fading, only AWGN.
The received power for all users (due to power control) is -110dBm.  The noise power spectral density at the receiver is -165dBm/Hz.  Assume perfect channel estimation.  
(a) Examining the uplink only, determine the number of simultaneous received signals that can be supported (one measure of capacity) via simulation if the average bit error rate must be 10-2.   Using the Gaussian Approximation, compare with theory.
(b) How much capacity in the system described in part (a) is lost if the power control is imperfect?  Assume that imperfect power control results in a received power that has a log-normal distribution (the mean received power is the same as in the perfect power control case) with a standard deviation of 3dB.  Again compare with theory curve that assumes perfect power control.  Does theory still match?  
2.  (30 points) Coding 
(a) Assuming the same system described in 1a, what is the capacity of a system that employs ½ rate convolutional coding (K=8) if we must maintain the same bandwidth  using long random spreading codes ?  Maintain BPSK modulation, but to incorporate the coding in the same bandwidth, you must now only use 15 chips per coded bit.  You may use simulation for this problem.  Please let me know if you don’t have he appropriate Matlab files. Compare your result with problem 1a.  Does the change in the number of chips per bit result in a capacity reduction? Why or why not?
Note:  In case your version of matlab doesn’t support coding, the necessary Matlab files for convolutional coding and soft Viterbi decoding can be made available.  The encoder uses convenc.m and the decoder uses vitdec.m.  The function poly2trellis.m is needed for the encoder.
3. (30 points) Multiuser detection 

Consider the system in question 1(a).  What improvement in uplink capacity is possible if a decorrelating detector is used at the base station ?  (Assume perfect channel knowledge.)


















