Journal of ELECTRICAL ENGINEERING, VOL 70 (2019), NO2, 165-170

$ sciendo
PAPERS.

Design of equi-interference lines in CDMA mobile systems
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In this paper it is presented the process of designing equi-interference lines in the CDMA mobile telephony systems. It
is proved that shape of these lines in one base station cell is determined by emission characteristics of that base station
and the base stations, which form the first ring around the considered cell. The influence of base stations from the other
rings after the first one is dominantly noticed as the interference increase in each point of equi-interference line. The value
of interference increase depends on the value of environmental propagation coefficient. For its small values it is necessary
to consider the influence of base stations from more than twenty rings around the analyzed cell, while for great values it is

enough to consider only two rings.
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1 Introduction

Mobile communications occupy more and more space
in our lives. The technology of these communications pro-
gresses, but the problems, with which it is coping in the
development process, remain mainly the same. Among
these problems interference is one of the major challenges.

The factors which contribute to interference increase
are numerous [1]. The main reason for such problems is
the existence of multiple spatially distributed base sta-
tions (BTSs), forming a mobile network. The signal from
these BTSs, although attenuated due to wireless propa-
gation, may not be neglected when considering the trans-
mitted signal quality in the analyzed BTS cell. The pres-
ence of large objects on the path between mobile signal
transmitter and receiver causes shadowing and slow fad-
ing. These objects may also lead to signal reflection. As
a consequence, fast fading and multipath fading appear.
One additional detailed survey of factors, which are the
cause of interference increase, is presented in [2]. As the
number of implemented different wireless systems con-
stantly grows, the problem of their coexistence in the
same frequency bands and interference increase becomes
every day more sever [3].

Interference influence is very complex for the analy-
sis and it is difficult to find the optimal model, valid for
various systems of wireless signal transmission. For exam-
ple, model presented in [4] is designed for multiple-input
multiple-output wireless local area network (MIMO-
WLAN). There is a number of contributions where at-
tention is devoted to the choice of interference model, as,
for example, in [5,6]. But, these models in [5,6] do not
correspond to mobile telephony systems analysis.

The dominant source of interference in mobile systems
is the signal intended for other mobile users (mobile sta-
tions - MSs), which exists in the same frequency band
and in the same time as the signal of the considered MS.
There is a difference in the way how this interfering sig-
nal influences signal transmission in GSM (2G) and GSM
like systems (GPRS, EDGE), on one side, and CDMA
(3G) systems [7,8], on the other side. GSM and GSM
like systems are based on the implementation of frequency
(FDMA) and time (TDMA) multiplex. It means that only
a small part of frequency spectrum and in precisely de-
fined time interval is reserved for one MS. The active MSs
from the same mobile cell are separated in time or in fre-
quency, or both in time and frequency. It is possible that
MS from some of the surrounding cell coincide in time
and frequency domain. Special attention is paid to the
frequency band selection in each mobile cell to avoid the
same frequency application in adjacent cells. As, so, the
interference source is more than one ring distant from
the considered MS, this disturbing signal is significantly
attenuated. The conclusion of this short analysis is that
in GSM and GSM like systems interference signal has a
lower power than the regular signal. The typical values
of signal-to-interference ratio (S/I) are at least 17 dB. It
means that in GSM and GSM like systems interference is
not an important problem source.

In CDMA systems situation is different. Each MS uses
the whole predicted frequency band, which is intended for
these systems [9, 10]. Therefore, all active MSs in the same
cell as the analyzed MS (excluding this analyzed MS)
and active MSs from adjacent cells cause interference. In-
terference is significantly greater than regular signal: the
value of S/I may be in the worst case between —15 dB
(when taking into account only the MSs from the same
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cell) and —17 dB (when taking into account also the MSs
from the adjacent cells). The similar calculation process
is implemented for LTE (4G) [11] and 5G systems [12].
A brief review of the interference influence when MSs are
moving in the cell and over the cell rim leading to han-
dover may be found in [13].

As it may be concluded from this brief survey, this
multiple access interference (MAI) is a great problem in
mobile communications, especially in CDMA systems. Al-
though coding algorithm in CDMA systems is designed
in such a way that one interfering user has small effect
on the reception of regular signal, the total influence of
all interferers becomes significant [14]. The problem of
MALI influence may be overcome in future by the imple-
mentation of Interleave Division Multiple Access (IDMA)
systems [15].

In this paper we present the method for designing the
lines of equal interference (equi-interference lines) in mo-
bile telephony systems. The characteristics of some pa-
rameter equal value are often implemented in different sci-
entific fields. For example, such characteristics are intro-
duced when analyzing quality of VoIP connections. The
equi-quality characteristics in this case may be lines (in
two dimensions), when contribution of packet delay and
packet loss on voice quality is analyzed [16] or surfaces (in
three dimensions) when mutual influence of packet delay,
packet loss and echo is analyzed [17]. These characteris-
tics are very useful for planning Internet voice connec-
tions.

The purpose of equi-interference lines in mobile sys-
tem networks is just to model interference in each point
of BTS cell. These lines are different for different types of
mobile systems (GSM, CDMA, etc). In the case of GSM
systems adjacent BTSs do not contribute to the interfer-
ence, because they operate in different frequency band
than the considered BTS. Only BTSs two or more cell
area distant are in the same frequency band and con-
tribute to the interference and to the designed interfer-
ence lines. On the contrary, in CDMA systems all BTSs
operate in the same frequency band and are the source of
interference.

2 Model, assumptions and designations

Let us suppose that it is necessary to calculate inter-
ference level in CDMA network in some point A, whose
coordinates are (x,y), Fig. 1. For this analysis it is im-
portant to emphasize that MS is placed in point A. The
location of the point is in the hexagonal cell 0, which
is controlled by the base station BTSy . Here, BTSy is
situated in the centre of the cell and its coordinates are
(0,0). The distance between point A and BTS, is, then

ro = Va2 + 2.

The interference level in the point A is not influenced
only by BTSy , but also by other BTSs in the mobile sys-
tem network. Let us consider one of these BTSs, BTS; .

(1)
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The coordinates of BTS; are (x;,y;). The distance be-
tween point A and BTS; may be determined as

i = \/(xz —x)?+ (yi —y)?. (2)

Fig. 1. Calculation of distance between some point A and base
station

The model of mobile network, which is used in our
analysis, is the usually used model, consisted of a num-
ber of hexagonal BTS cells. The goal is to determine to-
tal interference in a point (z,y) in a central cell, Fig. 2.
The other cells in mobile network may be considered as
forming rings around the central cell. Each cell in Fig. 2
(except the central cell) is designated by two indices: the
first one is the ordinary number of the ring around the
central cell and the second one is the ordinary number
of the cell in the considered ring of BTS cells. The co-
ordinates of each BTS are presented by two numbers in
brackets, where the value 1 corresponds to the length of
hexagon edge, ie cell radius.

Let us now suppose that the total number of cell rings

is n. These rings are designated by their ordinary numbers
j=1,2,.... The total number of BTSs in n rings (N)

is now
N=6_
j=1

and the number of BTSs in the ring j is 65. The ordinary
numbers of the BTSs in the ring j are determined on the
base of inequality

(3)

j—1 J
146> k<i<6> k. (4)
k=0 k=0

We suppose in our model that emission power of each
BTS is the same, ie

Ph=P=---=Py=P, (5)
where Py is the emission power of central cell and
Py, ..., P, are the powers of BTSs in the analyzed rings.

The power which is transmitted from BTS to some MS
(and also to the user in point A in the area of cell 0) is
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Fig. 2. The model of mobile network, used to calculate interference

adjusted according to the mutual distance BTS-MS. It
may be expressed as

P() = a’l”o’y (6)

where a is coefficient of proportionality, r¢ is the mutual
distance BTSy -MS and -~y is environmental propagation
coefficient. The value of v is 2 <~ <5, [18].

When considering the power of BTSy , it may be said
that BTS emission power intended for all active MSs sit-
uated in the area of BTSy cell except the power trans-
mitted to user in point A contributes to the interference
in point A. The corresponding mathematical expression
for the interference is [10]

Inc =a(Py— P.)ry " = aPyry”, (7)

where it is defined that P, is emission power intended
only for the user in point A and Py > P..

The total power of each other BTSs around the BTS
where the considered MS is situated contributes to in-
terference in point A. The interference, caused by the
emission power of BTS; | is

Iic :OAPZ'T;’Y. (8)

The total interference in the point A is now

N
Ic - I()c + lec ’ (9)
i=1

on the base of (1), (2) and (9)

N

I.=aP |(2® +4?)"? —l—ZS’(xi,yi)
i=1
where (10)

S(zi,yi) = [(wi — 2)* + (yi —v)?]

2
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3 The presentation of equi-interference lines

The value of interference in each point in the BTS, area
may be calculated by (10). In order to design an equi-
interference line, we choose all points of equal I. and
connect them.

Figure 3 presents equi-interference lines, which are de-
termined on the base of the influence of BTSy and BTS; -
BTSs (BTS from central cell and BTSs from the first
ring). The lines are designed for the value v = 3. The
value for each interference line is determined as the mul-
tiple of interference in points at unity distance from BTS
when only interference caused by that, central BTS, is
considered.

The borders between cell hexagons are also presented
in Fig. 3. In the vicinity of some BTS influence of this
BTS is dominant and here equi-interference lines are con-
centric circles with the centre in BTS. The maximum in-
terference is in the BTS proximity. The value of interfer-
ence decreases as faster as equi-interference line is nearer
to BTS. In the case that equi-interference line is near
the border between two cells, the shape of these lines is
changed, because there is no dominant source of interfer-
ence. The centre of these part of equi-interference lines
is in the common point of three adjacent BTSs, where
interference has its minimum.

Figure 4 presents equi-interference lines for various val-
ues of propagation coefficient . The lines are presented
for two values of interference: one greater, which generates
lines nearer to BTS and the other, which generates lines
around the borders between BTS cells. The first lines are
concentric circles with the centre in corresponding BTS,
while the second lines have centre in the common point
of three adjacent cells or very near to this point.

It is also important to determine how equi-interference
lines are changed when new rings of BTSs are included in
the calculation. It is clear that influence of rings of BTSs
is as smaller as they are more distant from the considered
BTS cell. From Fig. 3 and 4 it has been possible to
conclude that BTSs in the first ring change the shape
of equi-interference lines near the BTS cell borders.

Figure 5 presents two representative equi-interference
lines: the first one when the influence of the first ring
of BTSs is considered and the second one when the first
and the second ring of BTSs are included in the analysis.
The shape of these two lines is approximately the same.
But, they differ in the relative value of interference: the
first presented line (when there is one ring of BTSs) is
for interference level 3.8 and the second one (when there
are two rings of BTSs) is for interference level 4.3. The
equi-interference lines are representative for the analysis,
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Fig. 5. Equi-interference lines under the influence of the first ring
of BTSs and the first and the second ring of BTSs

because they illustrate interference near the cell borders,
where the influence of surrounding BTSs is greatest.

4 Contribution of further
rings to interference value

The goal of our further analysis has been to determine
the influence of further BTSs rings (after the first ring)
on the interference level. The contribution of further rings
is calculated for the points in BTS area, which have been
used to form equi-interference lines according to Figures 3
and 4. On the base of (2), (4) and (10) this relative
contribution in percent for some ring j, j > 2, is in a

point (z,y)

hi
Z S(mi, yi)

Alj. =100 Lo -
(z2+y?)"2 +21:S($iayi) (11)
j—1 J
where l0:1+6Zk, hi:6Zk
k=0 k=0

and S(x;,y;) is given by (10).
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Fig. 4. Equi-interference lines as a function of

Figures 6, 7 and 8 present relatively, in percent, min-
imum and maximum contribution of BTSs situated in
rings 2 to 6 to the interference value caused by the BTSs
in central cell and in the first ring of cells. The results
are calculated according to (11). The points, which are
chosen to calculate the contribution of further rings to
the interference, form equi-interference line of the rela-
tive value 3.8. This line is located near the border of the
cell, which means that interference caused by BTS in cen-
tral cell is not too great. The contribution is calculated
for v =2 (Fig. 6), v =3 (Fig. 7) and v =4 (Fig. 8).

The calculation, which is illustrated by the graphs in
Figures 6, 7 and 8, proves that BTSs in central cell and
in the first ring mainly contribute to the interference in
the central cell. When considering further rings of BTSs,
it is obvious that influence of these BTSs is decreasing
when the value of ~ increases. Relative difference be-
tween minimum and maximum influence on interference
is small: even in the worst case it is less than 3% of the
interference caused by BTSs in central cell and the first
ring. That is why it can be adopted that the shape of
equi-interference lines does not change when new rings of
BTSs after the ring 1 are included in the consideration.
Only the relative measure for each equi-interference line
is increased in that situation. This measure is increased
in accordance to the graphs in Figures 6, 7 and 8. For
example, if we adopt that three rings of BTSs are con-
sidered in the interference level determination, we take
the values of interference for equi-interference lines from
Fig. 3 or Fig. 4 and add the mean interference increase
value AT separately for the ring 2 and ring 3. Both values
of AI are determined on the base of mean percent of rel-
ative interference increase (Alj.) between its minimum
and maximum value, depending on the value of ~. The
corresponding value of Alj. is selected from one of the
Figures 6, 7 or 8. As the results, we obtain the interfer-
ence value for equi-interference lines when rings 2 and 3
of BTSs are included in the analysis.

Figure 9 presents the value of interference when new

rings of BTSs are included in the calculation of inter-
ference level, for values of v from 2 to 5. This value of
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Fig. 6. Maximum and minimum contribution of rings 2 to 6 (in %)
to total interference caused by central cell and the first ring of BT'Ss
when it is v =2
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Fig. 8. Maximum and minimum contribution of rings 2 to 6 (in %)
to total interference caused by central cell and the first ring of BT'Ss
when it is vy =4

interference is presented for the common point of three
adjacent cells. The results are presented for first 25 rings.

Figure 10 is related to Fig. 9. It presents the relative
increase of interference value when each new ring of BTSs
is included in the calculation, again for various values of
~. This graph may be used to determine how many rings
of BTSs have to be encountered in the consideration if
we want that interference increase is smaller than some
limit value after involving each new ring of BTSs in the

10

v4

v3
v2

2 4 6 8 10 12 14 16 18 20 22 24

Fig. 9. Relative value of total interference when new rings (2 to 25)
of BTSs are included in the calculation for + from 2 to 5
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Fig. 7. Maximum and minimum contribution of rings 2 to 6 (in %)
to total interference caused by central cell and the first ring of BTSs
when it is v =3

calculation. For example, if this limit value of interference
increase is 1%, it is necessary to consider 23 rings when
it is v = 2, but only 6 rings when v = 3, 3 rings when
v = 4 and 2 rings when v = 5. This calculation may
be considered as the amendment to the corresponding
statement from [10] about the number of rings of BTSs,
which contribute to the interference.

5 Conclusion

Level of interference in the area of BTS cell is very im-
portant for mobile systems correct function. In the vicin-
ity of BTS interference is mainly determined by the emis-
sion of that BTS, while near the BTS border interference
is also significantly determined by the emission of the first
BTSs ring around the analyzed cell. The level of interfer-
ence decreases when the distance from BTS increases.

The purpose of equi-interference lines is to model the
interference in the area of BTS cell. Equi-interference
lines have the shape of concentric circles around BTS with
the maximum in the BTS proximity, while near the BTS
border these lines have minimum in the common point of
three adjacent cells.

AI(%)
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30
24
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18/y4
5
12 I
6 ’
I‘||.|.||I|||IIIII1|||||

.
2 4 6 8 10 12 14 16 18 20 22 24

Fig. 10. Relative increase of total interference when new rings (2
to 25) of BTSs are included in the calculation for ~ from 2 to 5
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The other rings of BTSs starting from the second one
only increase the level of interference, but nearly have no
influence on equi-interference lines shape. The number of
rings, which have to be taken into account when interfer-
ence is analyzed, significantly depends on the value of .
It is greater than 20 for v = 2 and only 2 for v =5 if the
goal is to limit the contribution of BTSs from one ring at
interference increase less than 1%.
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