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ABSTRACT

The article analyzes the impact of restrictions on the effectiveness of space-time processing techniques in the antenna array
during the implementation of space-time access methods. The method of qualitative and quantitative assessing the impact of
the sum of the destabilizing factors in the form of restrictions affecting the signal to interference + noise ratio (SINR) is
proposed on the basis of calculating the spatial coherence factor (SCF), which represents the value of the scalar product of
the vectors of the desired signal and interference signal space.

The estimation of the upper and lower SINR values has been performed using spatial coherence factor in the assumption that
the level of the interference signal interfering an SS at the entrance of AAA is significantly greater than the thermal noise
power. The estimate of normalized index SINR reduction has been obtained regarding SCF.

The conditions of the SCF influence on the convergence rate of the adaptation process of the AAA control algorithms are
shown and the analysis of the SCF boundary values is carried out, as a result of which the basic approaches to the
construction of the AAA have been developed.
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1. INTRODUCTION

Due to the severe lack of the radio frequency spectrum for supporting the ever-growing popularity of
mobile systems (MSs), the need for the active implementation of space-time (ST) signal parameters
has arisen. Among the active methods of such implementation are adaptive methods for space-time
processing of received signals (STSP). The simplest and most obvious implementation of the method
of organizing space-time access (STA) can be the implementation of an adaptive antenna array (AAA)
at the base station, which implements the synthesis mechanism of a multipath direction pattern (DP) in
the predetermined directions. Within each of the beam lobe, it is possible to receive SS signals
localized in the allocated space. This scheme can be implemented using an adaptive antenna array.

The task of space-time access (STA) using adaptive antenna array (AAA) algorithms is essentially
reduced to spatial selection of the signals from each of the subscriber stations (SSs) against the
background of other SS and other emissions, interpreted as interference to the reception of signals of
this station. An important advantage of these STA methods is that all other existing methods of multi-
station time-frequency access can work independently of STA. This allows the synthesis of STA
methods and to analyze them independently of other methods. Moreover, the application of STA
methods can be carried out already on the existing base and on existing wireless network technologies.

At the same time, when implementing STA, there are limitations associated mainly with the
characteristics of AAA and the feasibility of adaptive STSP algorithms synthesized according to
various criteria. The characteristics of AAA depend not only on the control algorithm, but also on the
parameters of the antenna array itself: the number of antenna elements (AEs), directivity
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characteristics (DCs) and polarization characteristics of AEs, mutual influence of AEs, array
configuration, etc. Moreover, all these factors in different degrees lead to a decrease in the
realistically achievable signal-to-interference + noise ratio (SINR), and some may also cause a
decrease in the rate of convergence of the adaptation process.

In this statement, the issues of analyzing various acting limiting factors of the STSP characteristics
and assessment of its effectiveness taking into account the considered limitations are relevant for
research.

2. PURPOSE AND RESEARCH OBJECTIVES

The aim of the study is to develop issues on the methodology for assessing the qualitative and
quantitative influence of the sum of destabilizing factors used in STA technology, which reduces to
the dependence of the SINR index on the level of interaction between the directing vector of the useful
signal and the directing vectors of interfering signals.

To achieve this goal, the following tasks are carried out:

1) assessment of the space coherence factor (SCF) reduction, which is essentially the value of the
scalar product of the useful signal vectors and the space of interfering signals;

2) assessment of the decrease degree in the relative SINR indicator in proportion to the SCF.

3. MATERIALS AND METHODS FOR ANALYSIS OF AAA CHARACTERISTICS USING
SPACE COHERENCE FACTOR

The vector of the useful signal arriving along the main beam formed in the AAA is:
X_(t) =a(t)e’ 05 1)

where f)c is the wavefront vector of the useful signal.

Similarly, we express the vector of the v th interference in the form:
X,,()=a, e’ D, @
We assume that there is no coherence between the useful signal and the interference.

The correlation matrix of input signals can be written in the form [1]:
L
R, =o%1+PDD,+ ) PD:D, ®)
where &, is the thermal noise power in the signal band;
P. is the power of the useful signal;
P, is the power of the v th interference from a neighboring SS.

We represent the phase incursion Z, and Z ., accordingly, in the form

nu?

2=k, T, @)

=k,, T, 5)
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where IZC is the wavefront vector of the signal, T, is the coordinate vector of the i th AE.

When using the criterion of the minimum mean square deviation (MMSD), the optimal value of the
weight vector (WV) will be determined by the expression

Wop = RGRy, (6)
and for the output SINR, the expression [8] is true:
p=P.DRyD;. 7)

Obviously, since the WV scaling does not change the SINR value, then expression (7) is also true for
the criterion of the maximum signal-to-noise ratio (MSNR). Therefore, to reduce the calculations, let
us consider of the MMSD criterion.

In the case when there is an influence of the 1st signal of the interfering SS (one interference), the
expression [2, 3] is true for the optimal WV value:

-
W, =k|D, - — PP p ®
O + PD1 Dy

where K is the scalar coefficient.

Using the notation 15i+13j =9;;, we obtain
- ~ P.S _
W, . =ysD. ——1*< D 9
opt 7/{ c Ulii +P1511 1} ( )
The expression for the output SINR, taking into account expressions (7) and (9), is as follows:
P R[5,
p= cfcc 1— - 17l (10)
O-wi (O-wi + P1511)5CC

The value d_, is the scalar product of the vectors [30 and f)l. The absolute value of 5, can be
represented by the ratio:

Scx

- ‘51“ D,

COSE = /8,, /0, COSE, (11)
where & is the generalized angle between f)c and Ijl in the complex vector space
‘Dl‘: VDfljl :V81 "50 = Vl:_j:[_jc :VSCC'

Let us introduce the notation of the normalized spatial coherence factor (SCF) between the guide
vectors of the signal D, and interference D, .

Obviously, the SCF is uniquely determined through C0S¢ :

5,5,

- - 8
"B 15, Ry
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where I, j=c=12..n.

Then the expression for the SINR at the input can be represented as

PZc PnZ 2
—_ZJ__
’0 0-2‘ { O-jti + Pnz |7/lC| }

" , (13)
where
P, = Pci\pgf (14)
P,s = Pli\/xil\z (15)
where AC' and Aiﬂ are determined respectively by the expressions:
A =E(0,%,)E,; (16)
A, =E(0, )8, (17)

where Ei (0,Y,) is the vector directional characteristic of the ith AE according to the electric field
intensity;
£, is the unit polarization vector of the incoming wave.

c

Let us estimate the lower and upper values of the SINR using expressions (13). Obviously, the
maximum SINR value has the form

pmax = 02 . (18)

When the interference is suppressed to zero and the SCF y,. =0 , the value of the SINR reaches the

maximum. The maximum SINR does not depend on the location of the AE and the source of
interference, but it is determined by the DCs of the AE and the polarization of the useful signal, as can
be seen from expression (18). Under these conditions, the optimal WV has the form

W.

opt = HD: : (19)

Therefore, if AEs are identical and equally oriented, i.e. all AC' are the same, then at the outputs of all
AEs the useful signal is in phase and is coherently summed, as in a conventional phased antenna array
(PAA). When A, are different, the SINR decreases despite the fact that the useful signal will still be

coherently summed. The difference in values AC' may be the result of environmental influences (masts,
roofs, etc.).

To estimate the lower value of the SINR, we will assume that the level of the interference signal, i.e.
of the interfering SS at the input of the AAA, is significantly more than thermal noise power

P, >> 0o’ (20)

wi 7
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then expression (13) is simplified and takes the form

,0:

el &

From the expression (21) it follows that the SINR at the output of the AAA depends only on p, .. and

and does not depend on the interference power.

‘Yls

In addition, the lower value of the SINR is determined by expression (21). Using expressions (18),
(21) we obtain

P 2 P
Bel-fuflcps 2 @

wi wii

4. RESULTS OF RESEARCH ON NORMALIZED INDICATOR OF SINR EFFICIENCY
FROM SCF

The dependences of the normalized SINR from on ‘ch

value p, = —2— varies within [1+1—|7/1c|2].

max

are shown in Fig. 1. The normalized SINR
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Figure 1. Schedule of reducing the dependence of SINR on the spatial coherence factor

As follows from the analysis of the dependences shown in Fig. 1, in the general case, for small values

P P
of LZZ the SINR approaches the upper boundary, and for large values LZZ it approaches the lower

wi wi

boundary.

P
However, at ‘ch <<1, regardless of the value of the SINR GLZZ, it always approaches the upper

wi

, it is possible to

boundary. From this it follows that by decreasing the value of the SCF ‘ch
significantly improve the characteristics of AAA in the steady state.

The considered approach to assessing the characteristics of AAA based on the use of SCFs can be
used in the presence of two or more interference [2]. Under these conditions, the generalized angle

between f)c and the hyperplane formed by the vectors f)nl, ﬁnz,..., Dnn represents the SCF.
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It should be noted that in the general case, SCFs depend on the following factors:
—angle of the useful signal and interference arrival;

— orientation and location of the AE in the array;

— AE directivity characteristics;

— polarization of the useful signal and interference.

To reduce the SCF, when designing AEs, it is necessary to properly select the array configuration,
type and AE orientation. It is important to note that SCFs affect not only the output SINR, but in some
cases they also affect the convergence rate of the adaptation process of AAA control algorithms
synchronized on the basis on the gradient-based method [3,4]. This is caused by the fact that the
convergence rate of gradient-based algorithms depends on the conditionality of the correlation matrix
of the input signals. The conditionality of the correlation matrix, in turn, depends on the SCF.

In the case when a useful signal and one powerful interference affect the input of an N -element
AAA, it can be shown that the eigenvalues of the correlation matrix can be determined [3,4]:

|2

1 1
131 = O-:fu' +E(ch + Pzn) +§\/(ch - Pnz)2 +4P2<7Pnz|71c

1 1 2
B, = O-ju‘ +E(PZC +PR,) _E\/(PZC - Pzn)z +4P, R, 7/1c| 21)
B =0c,i=3.,N
Then if ‘ch =1, we have
2
=0, +P_ +PR
ﬁl M.zll Xc Zn} ) (22)
2 = O-mi
However, when ‘ch =0, we get
p=0y+P, (23)
Pr = O_Lii +FR,

Therefore, when P, >> o’ the convergence rate of the adaptation process at ‘ch

wi

= 0is much higher

than at ‘ch =1, when

D, =sD,, (24)

where s is the complex scalar.

In turn, (24) is satisfied when the following conditions are met [4]:
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A= s A

(arctg(%—j) arctg(%]  —K)r =273, (25)

i=1..N

where s, and s, are real number constants.

From the analysis of the presented conditions (25) it follows [5] that:
1. For all AEs, the relationship between the signal gain and the interference should be the same.
2. The phase difference between the signal and the interference, as well as the phase differences

between Ac' and A‘ﬂ, conditioned by the location of the element, must be constant with accuracy up to
27 (requirement for the plane of the phase front of the useful signal and interference).

5. DISCUSSION OF RESEARCH RESULTS

When |le| =1, the described situation is presented in the form of AAA consisting of two isotropic and
_h

non-interacting AEs, separated in space by 2 with the angles of the signal and the interference

arrival relatively to the normal to the line of the AE location, respectively “e 0. =—90° an :900.

Let us also assume that the polarization of the electromagnetic waves of the signal and the interference
is the same. The AAA can either maximize or suppress interference, but at the same time it cannot
achieve this simultaneously.

Ae
Under |}/1C| =0, when the inter-element distance 4 | the array is able to simultaneously maximize
the useful signal and completely suppress the interference.
3
If conditions (25) are not satisfied, it is easy to show that at 2 || =08 and in this case, the

AAA can completely suppress the interference and partially useful signal. Through the use of different
types of AEs, and due to the different orientations of identical elements, various directivity
characteristics of AEs can be obtained. In the case of a priori accurate information on the angles of
signals and interference arrival, the AAA could be constructed in such a way as to virtually eliminate
the case of |le| =1. However, there is no such information, and when constructing an array, it is

necessary to aim for a situation where |;/ic| =1, i=12,...,N would be small enough for a wide sector of
interference arrival angles.

After analyzing these scenarios, the following approaches to the construction of AAA are proposed:

— use of irregular arrangement of the AE in the array (non-equidistant array);

— use of AEs with different DCs;

— use of different orientations of identical AEs.

The first approach makes it possible for AAA to carry out polarization-time processing of signals, i.e.
distinguish between signals and interference by their polarization.

The last two approaches will inevitably reduce the potentially achievable SINR, but at the same time,
this decrease in the maximum SINR is quite acceptable, since this will significantly reduce the
likelihood of situations in which |y;.|=1.
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