
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB NO. 0704-0188 

Public Reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering 
and maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding this burden estimates or any other aspect of this collection of 
information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Highway, Suite 
1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188.) Washington, DC 20503. 

1. AGENCY USE ONLY ( Leave Blank) 2.     REPORT DATE 

December 14, 2000 
3. REPORT TYPE AND DATES COVERED 

FINAL   15Aug96-14Aug00 
TITLE AND SUBTITLE 5. FUNDING NUMBERS 

Multi-User Detection for Next-Generation CDMA: Final Report DAAH04-96-1-0379 

6.     AUTHOR(S) 

Sergio Verdü 
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Princeton University 
Princeton, N.J. 08544 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

170-6323 
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESSEES) 

U. S. Army Research Office 
P.O. Box 12211 
Research Triangle Park, NC 27709-2211 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

AAoi35582.1-CI 

11. SUPPLEMENTARY NOTES 
The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as an official 

Department of the Army position, policy or decision, unless so designated by other documentation. 

12 a. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

12 b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

This final report is submitted according to the provisions of Reporting Instructions, ARO Form 18 November 18. 
It lists all publications sponsored by the Grant and a summary of major findings. 

14. SUBJECT TERMS 
Wireless Communication, Spread Spectrum Multi-user Channels, Signal Processing, CDMA, 
Multi-user Detection 

15. NUMBER OF PAGES 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OR REPORT 

UNCLASSIFIED 

18. SECURITY CLASSIFICATION 
ON THIS PAGE 

UNCLASSIFIED 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED 

20. LIMITATION OF ABSTRACT 

UL 
NSN 7540-01-280-5500 Standard Form 298 (Rev.2-89) 

Prescribed by ANSI Std. 239-18 
298-102 

GENERAL INSTRUCTIONS FOR COMPLETING SF 298 

The Report Documentation Page (RDP) is used for announcing and cataloging reports. It is important 
that this information be consistent with the rest of the report, particularly the cover and title page. 
Instructions for filling in each block of the form follow. It is important to stay within the lines to meet 

optical scanning requirements.  

a£ &&,<& zitmA. 

20010117 154 



Final Progress Report 
DAAH-04-96-1-0379 

Multi-User Detection for Next-Generation CDMA:Final Report 

Final Progress Report 

(1.) Statement of the problem studied 
(2.) Summary of the most important results 
(3.) Listing of all publications and technical reports 
(4.) List of all participating scientific personnel showing any advanced 
degrees earned by them while employed on the project 

DISTRIBUTION STATEMENT A 
Approved for Public Release 

Distribution Unlimited 



(1.) Statement of the problem studied 

The overall objective of this grant was to investigate basic research issues on signal processing for demodulation of 
multiuser digital wireless communication systems of interest to future U.S. Army terrestrial tactical needs. This study 
motivated by the emergence over the past years of the field of multiuser detection from previous ARO-sponsored proj 
led by the principal investigators. 

A major goal of this project was to design and analyze detectors that could be used with long-sequence CDMA. This i 
the Direct-sequence method employed in several civilian and military spread spectrum systems. To that end, random 
spreading models are used to obtain succinct figures of merit based on congestion and bandwidth. 



(2.) Summary of the most important results 

i. Fast adaptive algorithms for linear and nonlinear multiuser 
detection based on new scalable architectures. 

ii. A new iterative algorithm whose parameters have been 
obtained analytically using the theory of asymptotic 
distribution of eignevalues of random matrices. 

iii. Using random matrix models, we have been able to obtain 
a general method to analyze the fundamental limits of multiuser 
detectors when used with error control codes and randomly spread CDMA. 
The desiger of a CDMA system can use this method to obtain the 
optimum coding redundancy/ spreading gain tradeoff, 
show that the spectral efficiency of CDMA can be multiplied 
by a factor of roughly 4, by increasing receiver complexity 
and by increasing the number of users per chip from 1/4 
(typical of current systems) to 2. 

iv. A general formula which for an arbitrary fading distribution, 
number of users to spreading gain ratio, and signal-to-noise ratio 
quantifies the gain in spectral efficiency achievable by optimum 
nonlinear processing over optimum linear processing. 

v. Transmitter Power control strategies that 
adjust transmitted power as a function of the 
individual slow-fading level in order to maximize spectral efficiency. 

vi. In the case of Rayleigh fading, and for any energy per bit 
we have shown that optimum transmitted power control enables 
the spectral efficiency to be unbounded as the number of users 
and the receiver complexity increases. 

vii. Analysis and design of multiuser detectors in eavesdropping 
environments where there are large power imbalances between 
desired and interfering users. 
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