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METHOD FOR EVALUATING THE STRUCTURAL 
EFFICIENCY OF UNEQUAL-ENERGY COMPLEX SIGNAL 

ENSEMBLES IN ULTRA-WIDEBAND CODE-DIVISION 
MULTIPLE ACCESS SYSTEMS 

 
For equal-energy complex signal ensembles, it is appropriate to use, as 

the structural efficiency indicator, the product of the ensemble volume and 
the maximum cross-correlation value in the ensemble. For unequal-energy 
complex signal ensembles, an analogous form of the indicator is obtained 
through an equivalent transformation of such an ensemble into a conditional 
equal-energy ensemble while preserving the total signal energy. 

The volume of the conditional equal-energy ensemble is the calculated 
number of equal-energy signals used instead of the original ensemble 
volume when evaluating the structural efficiency of unequal-energy 
complex signal ensembles. 

By approximately reducing the set of signal energies of an unequal-
energy complex signal ensemble to a scalar quantity, the structural 
equivalent volume is introduced. This quantity represents an increase in 
multiple-access interference energy for users with the lowest signal energies 
due to the dominance effect of signals from users with higher signal 
energies. In the limiting equal-energy case, the structural equivalent volume 
coincides with the volume of the original ensemble, which corresponds to 
the absence of energy non-uniformity; as the degree of non-uniformity in 
the distribution of signal energies in the ensemble increases, the structural 
equivalent volume monotonically increases to its upper bound, which 
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corresponds to the concentration of the total ensemble energy in one signal, 
that is, to maximum energy non-uniformity at constant total signal energy. 

A method and an algorithm for evaluating the structural efficiency of 
complex signal ensembles based on correlation functionals are proposed. 
The method differs from the known approach by using the structural 
efficiency indicator in the form of the product of the structural equivalent 
volume and the maximum cross-correlation value in the ensemble. This 
provides agreement with evaluation results for equal-energy complex signal 
ensembles, a higher frequency of agreement with exact ensemble 
comparison results, and lower computational complexity when the method 
is extended to unequal-energy complex signal ensembles. The advantage of 
the proposed algorithm in the order of computational complexity over exact 
ensemble comparison and comparison based on the energy-weighted 
normalized total squared correlation functional is O(L), that is, linear in the 
ensemble volume L.  


