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Multidimensional Signaling 



It is apparent from the discussion above that the digital modulation of the carrier 

amplitude and phase allows us to construct signal waveforms that correspond to two-

dimensional vectors and signal space diagrams. If we wish to construct signal wave-

forms corresponding to higher-dimensional vectors, we may use either the time domain 

or the frequency domain or both to increase the number of dimensions. Suppose we 

have N-dimensional signal vectors. For any N, we may subdivide a time interval of 

length Tl = NT into N subintervals of length T = T1/N. In each subinterval of length T, 

we may use binary PAM (a one-dimensional signal) to transmit an element of the N-

dimensional signal vector. Thus, the N time slots are used to transmit the N-

dimensional signal vector. If N is even, a time slot of length T may be used to 

simultaneously transmit two components of the N-dimensional vector by modulating 

the amplitude of quadrature carriers independently by the corresponding components. 

In this manner, the N-dimensional signal vector is transmitted in ½ NT seconds (1/2 N 

time slots). Alternatively, a frequency band of width ND�� may be subdivided into �  

frequency slots each of width D��� An N-dimensional signal vector can be transmitted 

over the channel by simultaneously modulating the amplitude of N carriers, one in 

each of the N frequency slots. Care must be taken to provide sufficient frequency 

separation D�� between successive carriers so that there is no cross-talk interference 

among the signals on the N carriers. If quadrature carriers are used in each frequency 

slot, the N-dimensional vector (even N) may be transmitted in 1N frequency slots, thus 

reducing the channel bandwidth utilization by a factor of 2. More generally, we may 

use both the time and frequency domains jointly to transmit an N-dimensional signal 

vector. For example, Figure 3.2-7 illustrates a subdivision of the time and frequency 

axes into 12 slots. Thus, an N = 12-dimensional signal vector may be transmitted by 

PAM or an N = 24-dimensional signal vector may be transmitted by use of two 

quadrature carriers (QAM) in each slot. 

Orthogonal Signaling 

Orthogonal signals are defined as a set of equal energy signals s,, (t), 1 < m < ���

such that 

(S. (t), ������� = 0, m ��� � and l < m, ��� �� � �� (3.2-46)�
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