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BRANCH AND BOUND ALGORITHM FOR MULTIUSER DETECTION

IN SYNCHRONOUS CDMA SYSTEMS

Optimum multiuser detection for Code Division Multiple Access (CDMA) systems is an NP hard problem in the number of users. It has been shown that the complexity of the optimum detector is of the order 2K, where K is the number of users. Therefore, the optimum multiuser detection becomes impractical for large K. Your goal is to investigate certain boundary rules and characteristics in order to reduce the complexity of the optimum multiuser detection. In general, these characteristics can be employed in the tree-search algorithms, such as branch and bound algorithms, as pruning and bounding tools that will ultimately increase the speed of convergence of the algorithms. In this project, you should identify such characteristics and demonstrate how they can be employed in the class of The Breadth-First Branch and Bound Algorithms for Multiuser Detection. 

Background: Synchronous CDMA System


For a synchronous CDMA system operating in Additive White Gaussian Noise (AWGN) channel, the equivalent low-pass received waveform can be expressed as [1]:
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where K is the number of users, Ek, sk(t) and bk({1,-1} represent energy per bit, unit-energy signature waveform and bit value of the k-th user, respectively; T is the bit interval and n(t) is the noise. The receiver consists of a bank of filters matched to the signature waveforms assigned to the users and a multi-user detector.  The output of the filter matched to the signature waveform of user k and sampled at T is:
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where (ik denotes the cross correlation of the signature waveforms of users i and k  and nk denotes the noise at the output of the k-th matched filter. The outputs of the filters are sufficient statistics for optimal multi-user detection and can be expressed in vector form as follows:

y = [y1, y2 ……,yK]T = REb + n

where R is the normalized cross correlation matrix of the signature waveforms, Rij = (ij, E =diag[(E1)1/2 (E2)1/2 …. (EK)1/2] and n is the noise vector with autocorrelation matrix E[nnT] =0.5NoR. No is the one-sided noise power spectral density of a zero-mean AWGN source.  The Maximum Likelihood (ML) receiver selects the bits b that maximize the metric   

(=2bTEy-bTEREb:  
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Hence, the optimum receiver for the synchronous case consists of K single-user matched filters followed by a detector that computes the metrics for the 2K possible transmitted information bits represented by the vector b and selects the vector b that gives the largest metric value.

Consequently, dynamic programming can be used to find the longest path in a layered directed graph that maximizes the ML metric.  Based on the ML metric: (=(2bTEy-bTEREb), Eqn(3) reduces to: 
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where  Ai = (Ei)1/2yi and Bij = -(EiEj)1/2(ij (i({1,…K}and j>i. 

In summary, we want to maximize the following function:
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bm = [ b1, … ,bK, ..., b1, … ,bK] for a K-user system.

For the system given above; 
1. Describe of your algorithm

2. Provide pseudocode of your algorithm

3. Analyze the complexity of your algorithm

4. Conclude your project

5. Make a 10 Minute Presentation  
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