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METHOD FOR SYNTHESIS OF ENSEMBLES
OF COMPLEX TIME-DIVISION SIGNALS WITH
A PERIODIC STRUCTURE FOR ULTRA-WIDEBAND
MULTIPLE ACCESS SYSTEMS

The current development of wireless electronic communication systems
and networks is characterized by a global trend toward higher-frequency
bands, the introduction of cognitive capabilities, and a transition to systems
in which constraints on power consumption and electromagnetic
compatibility are critical. This has driven the development of ultra-
wideband access systems for low-power applications, a common feature of
which is the possibility of using impulsive complex signals.

The known approach proposed in [1 — 6] makes it possible to synthesize
ensembles of periodic pulse sequences for which, under arbitrary time
shifts, no more than one pulse overlap occurs. Therefore, such signals can
reasonably be called complex time-division signals with a periodic
structure. The existing synthesis method is based on a search-and-correction
procedure and therefore has potentially high computational complexity. In
order to move from exhaustive procedures to regular analytical synthesis of
complex time-division signals with a periodic structure, the following tasks
were solved:

1) events of pulse overlap for a pair of signals were represented as the
existence of an integer solution to a linear Diophantine equation for a given
discrete mutual shift and cycle number within a discrete integer-valued
model of a complex time-division signal with a periodic structure;
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2) the principle for selecting the cardinality of the set of discrete
positions for an ensemble of signals was determined on the basis of the least
common multiple of the numbers of pulses in the signals, which ensures
placement of periodic signal structures on a common set of discrete
positions and equal signal duration within the ensemble;

3) the condition for achieving no more than one pulse overlap for a pair
of complex time-division signals with a periodic structure under an arbitrary
discrete mutual shift was established as the coprimality of the numbers of
pulses in the pair of signals, and a rule for forming the set of pulse numbers
for the ensemble signals was also obtained;

4) the principle for taking into account the continuous component of the
mutual shift within the duration of a single pulse was determined, which
makes it possible to eliminate its effect and exclude events of multiple pulse
overlaps when the minimum cardinality of the set of discrete positions is
chosen as double the cardinality of the set of discrete positions obtained for
the case of discrete mutual shifts only;

5) a regular analytical method for synthesizing ensembles of complex
time-division signals with a periodic structure was developed; unlike the
known method, it does not include a search-and-correction procedure, uses
closed-form analytical expressions to determine signal parameters, and
takes into account the continuous component of the mutual time shift, which
reduces computational complexity and precludes the occurrence of more
than one pulse overlap for each pair of signals under an arbitrary mutual
time shift; it also allows coordination with procedures for synthesis and
filtering of complex signals in the frequency domain;

6) an algorithm for synthesizing ensembles of complex time-division
signals with a periodic structure was developed on the basis of closed-form
analytical expressions; it forms the set of pulse numbers for the signals,
determines the cardinality of the set of discrete positions taking into account
the continuous mutual shift, sets the discretization parameters, and
determines the time placement of each pulse both in integer discrete
samples and in time. The estimated computational complexity of the
algorithm, without taking discretization into account, is O(L? log N) in the
basic version and approaches 0(L?) when auxiliary quantities are stored in
tabular form in advance, where N is the cardinality of the set of discrete
pulse positions and L is the ensemble size; the advantage of the developed
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algorithm over the known exhaustive approach for the basic version is
NlogN, and for the tabulated version it is linear in N. The obtained
computational-complexity estimates substantiate the possibility of software
synthesis and reconfiguration of ensembles of complex time-division
signals with a periodic structure. The algorithm makes it possible to
synthesize signals by software directly in transceiver devices by changing
their corresponding parameters, which creates prerequisites for adaptive
multiple-access modes, including switching between code-division and
alternating probabilistic multiple access within a single software-controlled
platform; it is suitable for software implementation as signal-sequence
generation modules for simulation systems, laboratory test benches, and
prototypes of ultra-wideband radio interfaces.
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