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Estimation of the Energy of Interfering Signals in a Code Division Multiple Access System
Based on Unequal-Energy Complex Signals for Users Susceptible to Dominance by Other

Users' Signals

In a code-division multiple access system, when a user’s signal is received, the signals from the other users are
treated as interfering signals and produce multiple-access interference. For unequal-energy complex signal ensembles, a
nonuniform signal-energy distribution causes the total energy of interfering signals to differ among users and gives rise
to the signal-dominance effect. This study aims to obtain an estimate of the energy of interfering signals for users
susceptible to signal dominance from other users, to be used as a pessimistic estimate for the ensemble as a whole. To
reduce the set of individual values to a single estimate, the unequal-energy complex signal ensemble is equivalently
transformed into a hypothetical equal-energy complex signal ensemble while preserving the total signal energy. It is
shown that the normalized total energy of interfering signals for users susceptible to signal dominance from other users
is approximately equal to the structural equivalent size, which therefore provides a pessimistic estimate for the unequal-
energy complex signal ensemble as a whole. For equal-energy complex signal ensembles, the structural equivalent size
is equal to the actual ensemble size, corresponding to a uniform signal-energy distribution. As the degree of
nonuniformity in the signal-energy distribution increases, the structural equivalent size increases monotonically toward
an upper bound corresponding to concentration of the total ensemble energy in a single signal—the highest possible
nonuniformity for a fixed total signal energy. Thus, the structural equivalent size of an unequal-energy complex signal
ensemble represents the calculated number of equal-energy complex signals in an ensemble with the same total signal
energy as the original ensemble. It increases with the degree of signal-energy nonuniformity, provides a pessimistic
estimate of the normalized total energy of interfering signals for users susceptible to signal dominance from other users,
and allows performance metrics developed for equal-energy complex signal ensembles to be extended to unequal-
energy complex signal ensembles by substituting the structural equivalent size into the corresponding expressions for
equal-energy complex signal ensembles.

Keywords: code-division multiple access system, multiple-access interference, energy of interfering signals,
unequal-energy complex signal ensemble, structural equivalent size, dominance by other users' signals, cross-
correlation.

Introduction.

In a code-division multiple access system, when
a user's signal is received, the signals from the other users
are treated as interfering signals. These interfering signals
produce multiple-access interference (MAI), whose
energy depends on the energies of the interfering signals
and their cross-correlations. Computing cross-correlations
for every pair of signals in the ensemble can be
computationally demanding, so a common approximation
is to replace the pairwise cross-correlations with the
maximum cross-correlation value in the ensemble, which
is assumed to be known in this study. Under this
approximation, the multiple-access interference energy is

the product of the total energy of the interfering signals,
obtained by summing the energies of all ensemble signals
except the user's desired signal, and the square of the
maximum cross-correlation value. For equal-energy
complex signals, removing any desired signal from the
ensemble leaves the same sum of signal energies, so the
total energy of the interfering signals is the same for every
user.

For an unequal-energy complex signal ensemble,
removing signals with different energies produces
different remaining energy sums; therefore, the total
energy of interfering signals differs among users because
of the nonuniform signal-energy distribution.
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Direct calculation of the interfering-signal
energy for each user yields a set of individual values. For
performance evaluation, it is useful to have a single
numerical estimate that reduces this set to one quantity
while accounting for the nonuniform signal-energy
distribution. This allows a relation similar to that for the
equal-energy case, in which the multiple-access
interference energy is calculated as the product of this
estimate and the square of the maximum cross-correlation
value.

A nonuniform energy distribution in an unequal-
energy signal ensemble gives rise to the signal-dominance
effect, which appears as an increase in the total multiple-
access interference energy relative to the desired-signal
energy of a user. Under the adopted approximation, in
which the signal cross-correlations are replaced by a
single ensemble-wide maximum value, the subsequent
analysis can be based on the total energies of the
interfering signals.

If a user's desired signal has lower energy than
the signals of at least some other users, the multiple-
access interference energy relative to that desired signal
increases, making the wuser susceptible to signal
dominance from other users. Conversely, if a user's signal
has higher energy than the signals of at least some other
users, it contributes more strongly to the total interfering-
signal energy seen by those users, so the signal tends to
dominate the signals of other users. These two
manifestations of signal dominance correspond to two
numerical estimates of the energy of interfering signals:
an estimate for users susceptible to signal dominance
from other users, used as a pessimistic estimate for the
ensemble as a whole, and an estimate for signals that tend
to dominate the signals of other users, used as an
optimistic estimate for the ensemble as a whole.

The energy of interfering signals is therefore the
basis for calculating multiple-access interference energy,
with the maximum cross-correlation value for the
ensemble treated as known. Hence, the energy of
interfering signals must be estimated before the
corresponding performance metrics are evaluated.

The basic principles of code-division multiple
access relate intrasystem interference to user signal
energies and ensemble cross-correlations [1 — 4].
Ensembles of pulse sequences with low signal interaction
are used in pulse-based multiple-access systems [5, 6].
Such ensembles are treated as complex time-division
signals with a periodic structure [6, 7]. Complex time-
division signals with a periodic structure can be
synthesized using either a correction-and-search method
or an analytical method [7]. Different numbers of pulses
at a fixed pulse duration produce an inherent unequal-
energy structure [8]. For unequal-energy complex signal
ensembles, the total multiple-access interference energy
depends on both signal cross-correlations and the
nonuniformity of the signal-energy distribution [9].

An equivalent transformation replaces an
unequal-energy complex signal ensemble with a
hypothetical equal-energy complex signal ensemble while
preserving the total signal energy. The size of the

hypothetical ensemble is the calculated number of equal-
energy signals and is numerically equal to an approximate
estimate of the normalized total energy of interfering
signals [10, 11]. This provides a common basis for two
estimates of the energy of interfering signals: a
pessimistic estimate for users susceptible to signal
dominance from other users and an optimistic estimate for
signals that tend to dominate the signals of other users.
The aim of this study is to obtain an estimate of
the energy of interfering signals for users susceptible to
signal dominance from other users, to be used as a
pessimistic estimate for the ensemble as a whole.

Materials and methods.

For an equal-energy complex signal ensemble of
size @, in which each signal has energy [E, the total energy
of interfering signals for the H-th user is obtained by

summing the energies Ej = E of the other users,

Withli =1, ...,dandli * 11:

L L-1
Z E,-=ZE=(L—1)E
i=1,j%i =1

After normalization by the signal energy , this
gives a value one less than the ensemble size. For ,
the approximation is acceptable:

IIE Q- DE
piE _LoDE
E E

Thus, is the normalized total energy of
interfering signals, while the ensemble size @ provides its
approximate estimate.

For an unequal-energy complex signal ensemble,
the nonuniform signal energies cause the total energy of
interfering signals to differ among users [8, 9].

To evaluate users susceptible to signal
dominance from other users, consider the case in which

the energy of the H-th user's signal is lower than the energy
of the @—th user's signal.

Let [E; be the desired-signal energy of the H—th
user, | = 1,..., L, and let E}| denote the signal energies of
users f =1,...,L} k # i, for which . The total

energies of the interfering signals for the H-th and @—th
users are then given by, respectively:

L L
Z Ej = Z E —E
=1,j#i j=1

L L

Z E = ZEj - E,
=1,j#k j=1

The difference between the total energies of the
interfering signals for the H—th and @-th users is:
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e —E; >0

Therefore, the total energy of interfering signals
for the H—th user is greater than that for the @—th user:

This relation characterizes the susceptibility of
the H-th user to signal dominance from users [k| for which
E < Ed

To obtain a single numerical estimate of the
energy of interfering signals, [10, 11] use a mathematical
framework in which the nonuniformity of a finite set of
nonnegative  quantities is  characterized through
relationships among their sum, sum of squares, mean, and
variance [12, 13], as well as through concentration
measures [14 — 18]. The basic relation underlying the
equivalent transformation is the Cauchy—Schwarz
inequality [13], which, for a fixed total ensemble signal
energy and a fixed ensemble size, relates the square of the
total signal energy to the sum of squared signal energies.
Dividing both sides of the Cauchy—Schwarz inequality by
the square of the ensemble size converts the left-hand side
into the square of the mean signal energy and the right-
hand side into the mean squared signal energy; the
difference between them is the signal-energy variance.
Equality therefore corresponds to zero variance and thus
to an ensemble of equal-energy signals, whereas strict
inequality corresponds to a nonuniform signal-energy
distribution and thus to an ensemble of unequal-energy
signals. Normalizing the signal energies by the total
ensemble signal energy produces dimensionless energy
fractions, which is equivalent to dividing both sides of the
Cauchy—Schwarz inequality by the square of the sum of
signal energies.

If both sides of the resulting Cauchy—Schwarz
inequality are additionally divided by the ensemble size,
the left-hand side becomes the reciprocal of the ensemble
size, while the right-hand side becomes the sum of
squared signal-energy fractions. This sum is a
concentration measure for a finite set of nonnegative
quantities [14 — 18] and, for an equal-energy ensemble, is
equal to the left-hand side of the inequality.

Normalizing the concentration measure by its
value for an equal-energy ensemble gives a relative
quantity equal to one for equal signal energies and greater
than one for a nonuniform signal-energy distribution. A
reciprocal quantity also exists, and the product of the
concentration measure and its reciprocal is equal to one
[15, 16]. Normalizing this reciprocal quantity by its equal-
energy value gives a relative quantity equal to one for
equal signal energies and less than one for a nonuniform
signal-energy distribution. The resulting normalized

quantities are used as factors applied to the ensemble size
[10, 11].

This paper uses the normalized concentration
measure of signal energies. It equals one for an equal-
energy ensemble and exceeds one when the signal-energy
distribution is nonuniform, corresponding to an increased
estimate of the energy of interfering signals for users
susceptible to signal dominance from other users:

K LlElz
E = (Z E)zr

L 2
Kg i= lEl 2
— =1L =1+C
1/L KE (Z E) + V)

where EEI is the concentration measure of signal
energies;
is the squared coefficient of variation of

signal energy.
The squared coefficient of variation of signal

energy is defined in terms of the mean ensemble signal
energy and the signal-energy variance:

L 2
o2 1 1 1
2 =-=Z, =—EE-, 2=—EE-2— —EE-
v l1125 HE L._ i» OF L i L. i

where is the mean ensemble signal energy;
ﬁ is the variance of the ensemble signal

energies.

For an equal-energy complex signal ensemble,
with , the quantity kg /(1/L)| is equal to one. For a
nonuniform energy distribution, with , it exceeds

one and increases with the degree of signal-energy
nonuniformity. We therefore use this quantity as a factor

applied to the ensemble size @ to obtain the size of an

equivalent equal-energy complex signal ensemble,
defined as the product of kg /(1/L and :

L E? [2 ¥ E?

L(+) _=LLK =L1+C2 =1 =170 — i=1"i

1/ ( E) ( v) (Zg‘:l El)Z/L (Zi=1 Ei)z

The size ) of the equivalent equal-energy

complex signal ensemble is defined as the structural
equivalent size of the unequal-energy complex signal
ensemble. It represents the hypothetical calculated
number of equal-energy complex signals in an ensemble
having the same total signal energy as the original
unequal-energy complex signal ensemble.

Under the approximation g') -1= L(e+), the

+)
eq

approximate estimate of the normalized total energy of

structural equivalent size is numerically equal to an
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interfering signals in the hypothetical equal-energy
complex signal ensemble. Without this approximation the

normalized total energy of interfering signals is

(+)
eq

follow from the bounds on the normalized concentration

measure kg/(1/L)|:

The bounds on the structural equlvalent size

Multiplying kz/(1/L)| by the ensemble size lﬂ
gives the following bounds on the structural equivalent

size:
<LP <I?

Thus, the lower bound corresponds to

an equal-energy complex signal ensemble in which each
., [ The

corresponds to concentration of

upper bound

the entire ensemble energy in a single H—th signal,
lEi = Ey = YL_, E,, while all other signal energies are
Zero, \Eﬂ, j =1, ...,Q, m

The analytical relationship between the squared
coefficient of variation of signal energy and the

structural equivalent size m for an ensemble of size @

is:

L(+)
eLq =1+C2

which gives the following expression for :

+) (+)
2 _ Leg _ Ly —L
v L L
This relation establishes a  one-to-one

correspondence between the squared coefficient of
variation of signal energy (C;| and the structural equivalent

size m for an ensemble of size @ A larger

corresponds to a larger I When , , SO

the structural equivalent size equals the size @ of the

The bounds on [C2 can therefore be obtained from

the bounds on the structural equivalent size

<LP <I?
For , we obtain:

equal-energy complex s1a1 ensemble.

—1=—-1=L-1
L

For an ensemble of size

, the squared
coefficient of variation of signal energy therefore

satisfies:

where is the lower bound corresponding to an

equal-energy complex signal ensemble, for which the

ensemble size ;
is the upper bound corresponding to

concentration of the total ensemble signal energy in one
i(

structural equivalent size equals the original

signal, for which the structural equivalent size

2.

energy I of one s1gna1 n the hypothetical equal-energy

e;) equals
Assuming that is treated as an integer, the

complex signal ensemble is determined by preserving the
total signal energy of the original unequal-energy
ensemble:

R
Es = Z E; = Z EY

Because all signals in the equivalent ensemble
have the same energy, the total signal energy of the
equivalent ensemble can be written as:

D

E, = Z EQ = IPEQ.

Hence, the energy of one signal in the
equivalent equal-energy complex signal ensemble is:

B = ]fi
+
LS

This relation preserves the total signal energy in
the equivalent equal-energy comlex signal ensemble.
The structural equivalent size and the single-signal

energy I jointly specify the replacement of the original

unequal-energy complex signal ensemble by a
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hypothetical equal-energy complex signal ensemble while
preserving the total signal energy.

To determine the change in total multiple-access
interference energy under the equivalent transformation,
consider the total multiple-access interference energy of
the original ensemble of complex time-division signals
with a periodic structure [5 — 8] and that of the equivalent
equal-energy sil ensemble specified by the structural

(+)
eq |

equivalent size

Using the full set of ensemble cross-correlations,
define the relative difference in total multiple-access
interference energy under the equivalent transformation,

ACH)
A5} as:

E(eq ,+)

A = —Eix

)|
Ers

where is the total multiple-access interference
energy of the original ensemble;

is the total multiple-access interference

energy of the equivalent equal-energy complex signal
ensemble specified by the structural equivalent size ﬁ
Define the total multiple-access interference
energy of the original ensemble of complex time-
division signals with a periodic structure as the sum of the
individual multiple-access interference energies for all

users H For this ensemble, the number of pulse overlaps
for each pair of the H—th and E—th signals, , is limited
to one for any relative time shift [5 — 8]:

1
R(max) -
(7Y = 5
L
El,i — Z E(R(max)
j=1,j#i
L L L
E ZE ZL_l— L-1 Zl
2= QB =, Ti_( ). L,
i=1 i=1 i=1

Deﬁne the total multiple-access interference
energy ) of the equivalent equal-energy complex

signal ensemble as the sum of the individual multiple-

(eq+)

access interference energies [}

) for all hypothetical
users. All signals in the equivalent ensemble have energy
e(+), so the sum of identical terms reduces to the number

of terms multiplied by one term:

1

2
( R (max) ( R (max)) — E§;)E§;)

L i
1
EI(;‘L"') = (+)(R(‘max) = Eg;) ( (+) 1)
j;ﬂ j;ﬂ (Ee(;) Em
(+)
< L -1
EG) = Z EEH) = LOEW = [ =
Egq

quﬂ '

E

For the hypothetical equal-energy complex
signal ensemble equivalent to the original ensemble of
complex time-division signals with a periodic structure,

2
use the relation (R (max))® = (R(ma0)

=1/ (E Mg (+)) This relation preserves the property of

the ensemble of complex time-division signals with a
periodic structure: if at most one pulse overlap occurs for
a pair of signals in the hypothetical equivalent ensemble,
their squared maximum cross-correlation is the reciprocal
of the product of the energies of that pair. In the

hypothetical equivalent equal- ener complex signal
ensemble, every signal has energy , therefore, every

signal pair has the same energy product, and the squared
maximum cross-correlation has the same value for all

signal pairs, ‘(R(m”"‘))2 = 1/(E,§;)Ee(;))‘.
Using the full set of cross-correlations for the
ensemble of complex time-division signals with a

periodic structure, define the relative difference in
individual multiple-access interference energy under the

equivalent transformation, , as:
+)
A = Epi — B
EI,i
+)
E® _ glan _ L —1
Lthr — ~Ii - T
Eeq
+)
Al —1
" EQE,

where is the individual multiple-access interference

energy for the H—th user, corresponding to the H—th signal of
the original ensemble of complex time-division signals
with a periodic structure;

1(,:-) is the

interference energy of a hypothetical user in the
equivalent equal-energy complex signal ensemble; in this
comparison it is used as the threshold at which the sign of

the relative difference changes

individual — multiple-access
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The relatlve difference A®) is positive When .

is less than ) and negative when . is greater than

(+).
L,thy*

L > EI(-t'};)r' A(+)

‘Ell < EI(-t'};)r' A(+)

‘E EI(-t'};)r' A(+) 0 ‘

The total energy of interfering signals for the H—th
user is the sum of the signal energies of the other users:

L

D B
j=1,j#i

This sum is used to calculate the individual
multiple-access interference energy:

L

Jj=1,j#i

For complex time-division signals with a
periodic structure, the number of pulse overlaps for each
signal pair is limited to one for any relative time shift;
therefore:

2 1
(RF) =
EE;
1= EE - A LB
j=Lj%i EiEs j=1j#i " Ei

The resulting expressions for the threshold

and the relative difference in individual multiple-access
interference energy under the equivalent transformation,

(+)
Ari'h

energy nonuniformity represented by the squared
coefficient of variation . To express in terms of

2 .
, use:

make it possible to determine the effect of signal-

Substitution into the expression for gives:

L =L@+ cd)

PP -1) LA+CHULA+CH-1) (1+CHLA+CH - 1)

(+) _
E,
b Ey Lpg |24

Consider the components of the resulting

expression for the threshold level '

1) the factor

2) the factor |L(1 + C,f) — 1| depends linearly on
and has the initial value ll;l[ at |C3 =

3) the product [(1+C2)(L(1+CE) —1)
depends quadratically on and is equal to ll;l[ at

4) at C2=0, the ratio of the product
(1 +cHELA + D) — 1) tolgis|L = 1) /ug

For fixed @ and , depends quadratically
on (C; and increases as (C;| increases.

Results and discussion. Fig. 1 shows the
individual multiple-access interference energy for an
ensemble of complex time-division signals with a

depends linearly on . and

periodic structure and the threshold 1(:) as functions of

the squared coefficient of variation of signal energy .
Each point corresponds to a separate ensemble obtained
by successively removing the highest-energy signals from
an ensemble of size |[L=76 with the set
k2,...,167,173,179,..., followed by
ordering the resulting ensembles by increasing . The

individual multiple-access interference energy of the
original ensemble is calculated as .

For the signal with energy 173, the individual
multiple-access interference energy curve is initially
above the threshold curve, then crosses it and remains
below it over the rest of the shown range. For the signal
with energy 383, the individual multiple-access
interference energy curve remains below the threshold
curve throughout the shown range.
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Ensemble size6

46 52 56 76
------ Equivalent-ensemble MAI energy (threshold), arb. units “..
—e— Signal energy: 173, arb. units et
0.80 -| — = — Signal energy: 383, arb. units et *
c
=]
£ 0.60 -
©
>
o
]
c 0.40
Q
<
=
0.20

1 1
0.15 0.20

I 1 T
0.25 0.30 0.35

Sq.uared coefficient of variation of signal energy

[127;383] [97;383][73;383]

[31;383] [2;383]

Minimum and maximum signal energies in the ensemble, arb. units

Fig. 1. Individual multiple-access interference energy of the original ensemble and threshold versus the
squared coefficient of variation of signal energy

In Fig. 1, the threshold curve at each value of the
squared coefficient of variation is obtained from the

structural equivalent transformation, which reflects an
increase in the hypothetical calculated number of equal-
energy signals relative to the size of the original unequal-
energy signal ensemble. For complex time-division
signals with a periodic structure, the individual multiple-

access interference energy is |E;; = (L — 1) /Ejf; therefore,

lower desired-signal energies correspond to higher
individual multiple-access interference energies. Within
the structural equivalent transformation, a user is

considered susceptible to signal dominance from other
users when . For the signal with energy 173,
the individual multiple-access interference energy
exceeds the threshold only over the part of the shown
range preceding the intersection of the curves. Over this
part of the ensemble sequence, the user with signal energy
173 can be considered susceptible to signal dominance
from other users.

The results for signal energies 173 and 383 show
different relative positions of the individual multiple-
access interference energy curve and the threshold

curve . For the signal with energy 173, the two curves

change their relative positions by crossing, whereas for
the signal with energy 383 the individual multiple-access
interference energy remains below the threshold
throughout the shown range.

Next, determine the bounds of the threshold

and then the user signal energy @ for which the

individual multiple-access interference energy equals
(+)
Ltht"

Determine

Lt
variation changes from |C3 = 0| to |(,‘3 =L- 1| for fixed

as the squared coefficient of

total ensemble energy [E5| and fixed ensemble size lﬂ The

value (CZ = 0| corresponds to an equal-energy complex

signal ensemble, whereas m corresponds to
concentration of the total ensemble energy in a single
signal. The mean signal energy m remains
constant, while changing redistributes the energy

among the ensemble signals.

) _ a+cyhHaa+cdh-1n B L—-1
thr HE HE
| - HE’

Lot el e
i El p-E Lthr

o _AFEA+H -1 _ LA -1

Lhr Hg Hg

The threshold is bounded by:

L—1
Lg

L(L?-1)
Hg !

+)
S E Ithr S

for

E
0 < C%<L-1,E5; = const,L = const, iy = Tz = const

Now determine the user signal energy @ for
which the individual multiple-access interference energy

equals the threshold :

e L-1
Li = E,
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a+chHL@a+cnH-1
UE

+) —
Lthr —

L—1 B a+ckhHa@a+cdhH-1
E; Hg !

which gives the user signal energy:

- I—1
L (YD (AT )

E,

The ratio of the user signal energy @ to the mean
ensemble signal energy || is:

E, _ L-1
b~ A+ +c2)-1)]

For :

By
KE
i = Pg-

For0 < C2 < L — 1), the denominator satisfies

(A+cHeLa+cd-1)>L-1

b

therefore:

E;
—<1
2224

i < Ug.

Thus, as increases, the threshold
corresponds to signal energies below the mean ensemble
signal energy |ug|

Accordingly, intermediate values of
correspond to the part of the original unequal-energy
complex signal ensemble whose signal energies are below
the mean signal energy g of the original ensemble.

The threshold can also be related to the

arithmetic mean of the individual multiple-access

interference energies by:

L
1
&)
Ef 2 T Z E;;
i=1

where strict inequality applies to an unequal-energy
complex signal ensemble, while equality holds only for an
equal-energy complex signal ensemble.

Therefore, for an unequal-energy complex signal

ensemble, the threshold m is greater than the arithmetic

mean of the individual multiple-access interference
energies of the original ensemble:

L
1
ESD > I Z Ep;
i=1

To quantify the deviation of the individual
multiple-access interference energies of the original
unequal-energy complex signal ensemble from the
threshold , use the absolute relative difference |A§;) |:

+)
|A(+)| — EI,;r —Eni| _ L(e:) —1 -1
i E; EDE,

This quantity measures the relative magnitude of the
deviation of from regardless of its direction,
allowing the deviations for different users to be
compared.

Fig. 2 shows |Aft)| versus under conditions
analogous to those in Figure 1. For the signal with energy
173, the curve has a decreasing segment, a minimum
region, and an increasing segment. This behavior is
consistent with Fig. 1, where the individual multiple-
access interference energy curve for the signal with

energy 173 crosses the threshold curve . The smallest

values of |A§Jlf)|corresp0nd to the region in Figure 1 where
the two curves intersect or come closest to each other.
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Ensemble size
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——e— Signal energy: 173, arb. units ’/.
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g
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]
o
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<
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Squared coefficient of variation of signal energy
[127;383] [97;383][73;383] [31;383] [2;383]

Minimum and maximum signal energies in the ensemble, arb. units

Fig. 2. Absolute relative difference between the individual multiple-access interference energy and the threshold |A§t)|

versus the squared coefficient of variation of signal energy

For the signal with energy 383, the curve in Fig.
2 has no minimum region. This is consistent with Fig. 1,
where the individual multiple-access interference energy
for the signal with energy 383 remains below the

threshold 1(,:-)

minimum region appears on the curve.
Fig. 1 and 2 show two different aspects of the
deviation of the individual multiple-access interference
58
1,

energy from the threshold
sign of the relative difference through the relative

positions of the and curves. Fig. 2 shows the
relative magnitude of the deviation through the absolute

throughout the shown range, so no

+) . . .
o Fig. 1 indicates the

relative difference |A§;) | .

Conclusions.

It is shown that the normalized total energy of
interfering signals for users susceptible to signal
dominance from other users is approximately equal to the
structural equivalent size and therefore provides a
pessimistic estimate for the unequal-energy complex
signal ensemble as a whole. For equal-energy complex
signal ensembles, the structural equivalent size equals the
original ensemble size, corresponding to a uniform signal-
energy distribution. As the degree of signal-energy
nonuniformity increases, the structural equivalent size
increases monotonically toward an upper bound
corresponding to concentration of the entire ensemble
energy in a single signal, i.e., the highest possible
nonuniformity for a fixed total signal energy. Thus, the
structural equivalent size of an unequal-energy complex
signal ensemble represents the calculated number of
equal-energy complex signals in an ensemble with the
same total signal energy as the original ensemble,

increases with the degree of signal-energy nonuniformity,
provides a pessimistic estimate of the normalized total
energy of interfering signals for users susceptible to signal
dominance from other users, and allows performance
metrics developed for equal-energy complex signal
ensembles to be extended to unequal-energy complex
signal ensembles by substituting the structural equivalent
size into the corresponding expressions for equal-energy
complex signal ensembles.
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OuiHloBaHHS eHeprii 3aBaKal0YUX CUTHAJIB Y
cucrteMi  MHOKMHHOIO  JOCTYmy 3  KOJAOBHM
PO3/1iJIeHHAM HAa OCHOBi Pi3HOCHEPTreTHYHUX CKJIATHUX
CHTHAJIB VIS KOPHUCTYBAaviB, CXMJILHUX /10 BIUIUBY HA
HHUX e(eKTy NOMiHYBaHHSI CHUTHAJIB i3 OOKy iHmIMX
KOPHCTYBA4iB

Y cucteMi MHOXXHHHOTO JIOCTYIY 3 KOJOBHM
PO3IUICHHSM ITiJ] 9ac MPUHMAaHHS CUTHAITy KOPUCTYyBayeM
CUTHAJIM IHIIMX KOPUCTYBAayiB BBaKAalOTh MJISI HHOTO
TaKUMH, IO 3aBaXalOTh 1 CTBOPIOIOTH  3aBajH
MHO>XHHHOT'O JIOCTYIIY. Hns aHcamOIiB
PI3HOCHEPreTHYHUX CKJIAJHUX CHI'HANIB HEPiBHOMIPHICTb
posmofiry eHeprii 3yMOBIIOE BIAMIHHICTH CyMapHOL
SHepril 3aBaykKarounx CUTHANIB ISl PI3HUX KOPHCTYBAUIB 1
nposiB edekty moMiHyBaHHA. KopucryBaui 3 MEHIINMHU
SHEpPrisIMI KOPUCHHUX CHTHAJIB MOXYTb OyTH CXWIBHUMHA
JI0 BIUIMBY JOMIHYBaHHS CHTH&JIIB 13 OOKy 1HIIHX
KOpHUCTYBa4iB. METOI [OCHI[DKCHHS € OIIHIOBAaHHSI
eHeprii 3aBaKalOUMX CHUTHAIIB JUIi KOPHCTYBadiB,
CXWIBHUX JI0 BIUIMBY Ha HHX €(EKTy JOMiHyBaHHS
CUTHAJIB i3 OOKy IHIIMX KOPUCTYBAYiB SIK MECUMICTHYHOI
OIIIHKM JIs aHcaMmOmo B 1utomy. s  3BemeHHS
CYKYITHOCTI IHIWBIIyadhbHUX 3HAYCHH N0 OIHI€l OI[IHKHU
3aCTOCOBaHO EKBIBAICHTHE IIEPETBOPEHHS aHCaMOIII0
PI3HOCHEPreTHYHUX CKJIaJHUX CHTHAJIIB B YMOBHHH
aHcaMOJb CHTHaNiB 3 OJHAKOBHUMH CHEPTisAMH  3i
30epeKeHHsAM CyMapHOi eHeprii. YcTaHOBIIEHO, IO
OLIHKa HOPMOBaHOI CyMapHOI eHeprii 3aBa)Karoumx
CUTHAJIB JUI KOPUCTYBaviB, CXMJIBHHUX JI0 BIUIUBY Ha HUX
epeKkTy JIOMiHyBaHHS CHTHAJTiB 13 OOKy IHIIHX
KOPHUCTYBadiB, HAOJIM)KEHO BIJIOBIAAE CTPYKTypHOMY
EKBIBAJICHTHOMY O0’€My Ta € HECHMICTHYHOIO OI[IHKOIO
JUIS aHCaMOJII0 PI3HOCHEPIeTHYHHX CKJIQJIHUX CUTHAJIB y
nitomy. st aHcamOIiB pIBHOGHEPreTHYHHUX CKJIQJHUX
CUTHAJIIB CTPYKTYPHHUI €KBIBaJEHTHHH 00’€M 30iraeTncs
3 00°€eMOM BHXIJHOTO aHCAMOJII0, IO BiJMOBigac
BIZICYTHOCTI ~ HEPIBHOMIPHOCTI  PO3NOAULYy  eHeprii
curHaiiB. I3 3pocTaHHSM CTyHeHS HEPiBHOMIPHOCTI
pO3IIOATy €Heprii CHTHaJiB aHCaMOJII0 CTPYKTYPHHH
€KBIBaJICHTHU 00’€M MOHOTOHHO 30LIBIIYETHCS O
BEPXHBOI MEXI, sIka BiIMOBIAA€ 30CEPEIKEHHIO CyMapHOi
eHeprii aHcaMOJII0 B OZIHOMY CHTHaNi, TOOTO HaiOLIbIIiN
HEpIBHOMIPHOCTI pO3IOALTY €Heprii 3a cranoi cyMapHOI
eHeprii curHaniB. OTXe, CTPYKTypHHH eKBiBaJIeHTHHH
00’eM  aHCaMOmI0  pI3HOGHEPIETHYHUX  CKJIQJHUX
CUTHAJB, SKUH €  PO3PaxXyHKOBOIO  KUJIBKICTIO
PIBHOCHEPreTUUHHNX CKJIAJHAX CHTHAIIB B aHcaMoOdli,
CKBIBAJICHTHOMY BHXIJIHOMy 32 CYMapHOIO CHEpri€io
CUTHAJIB, 30UIBLIYETBCS 31 3pPOCTAaHHAM  CTYHEHS
HEpIiBHOMIPHOCTI ~ pPO3MOAIMY  €HEprii  CHTHANIB,
BIJINIOBi/Ia€ IECUMICTUYHIM OLIHIII HOPMOBAaHOI CyMapHOI
eHeprii 3aBaKalOUMX CHUTHAIIB Uil KOPHCTYBadiB,
CXWIBHUX [0 BIUIMBY JOMIHYBaHHS CHUTHAJIB i3 OOKy
IHIIMX KOPUCTYBaYiB, 1 1a€ 3MOTY IOIIMPHUTH MMOKa3HUKU
e(eKTUBHOCTI, MIpHU3HAYeHI JUIs aHcamOIiB
PIBHOCHEPTeTUYHHX CKJIQJIHUX CHTHaJiB, Ha aHcamOmi
PI3HOCHEPreTHYHUX  CKJIAIHHUX CHUTHATIB  4epes
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IiICTAHOBKY BEIIMYMHHM CTPYKTYpPHOT'O €KBiBaJIEHTHOTO
00’eMy y BIANOBIAHI CHIBBIOHONICHHS JUIs aHCaMOJiB
PIBHOCHEPTETUYHHX CKJIaJHUX CUTHAIIB.

KnrouoBi cnoBa: cucreMa MHOKHHHOTO JIOCTYITY 3
KOJIOBHM DO3MUICHHSIM, 3aBadl MHOXXHHHOTO JIOCTYIIY,
eHepris 3aBaXKArOUUX CUTHAJIB, aHcamOJb
PI3HOCHEPreTHYHUX CKJIaJHUX CHTHATIB, CTPYKTYPHHUH
eKBIBAJICHTHUH 00’€M, BIUIMB JIOMIHYBaHHS CHTHAJIB i3
OOKy iHIIMX KOPUCTYBAaYiB, B3a€MHA KOPEJALIisI CUTHAIIB.
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