DEri=

B3 98-23-3-2

The Optimum Propagation Condition of Polarization Diversity
Reception in Indoor Wireless Communications

Jin-Dam Mok* Young-Hwan Lee*, Sung-Woo Jeon™, Deock-Ho Ha*™ Regular Members

ABSTRACT

In this paper, in order to optimally reduce the fading signals measured by a vehicle in motion in indoor building,
a polarization diversity reception method are considered. In our measurements, signal strengths are measured by
using a circularly polarized antenna and vertical, horizontal polarized antennas in LOS(line-of-sight) and NLOS
(non-line-of-sight) environments, and then reduction degree of the fading are analyzed. From these analyses, in case
of LOS condition the fading reduction effect for the circularly polarized antenna shows high efficiency, but in case
of NLOS condition it is not so good. Using the correlation coefficient for the polarization diversity branches, the
diversity effect is also evaluated. From this evaluation results it was found that the polarization diversity effect
which use a circularly polarized antenna at the transmitting end and the vertical and horizontal polarized antenna
branches at the receiving end is markedly excellent.

In conclusion, it can be inferred that the effective fading reduction method in indoor radio environments is to

create LOS condition between the transmitting end and the receiving end, and then to form the polarized diversity

branches at the receiving end by using a circularly polarized antenna at the transmitting end.

1. Introduction

According to the rapid growth of industry, the econ-
omic activities become more complicated and varied.
Therefore, high-speed transmission for every kinds of
information is demanded;expectation that system is
high bit rate, large capacity information transmission
among radio systems in a building is also increased.
So, to increase flexibility and convenience of cellular
phone and wireless terminals in indoor the experimen-
tal analysis of radio propagation characteristics under

indoor wireless environments is very important and
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the countermeasure of fading reduction is also neces-
sary.

Many research activities for indoor wireless propa-
gation have been reported, for examples characteristics
of 900MHz wave in a building[1], a statistical model
translating of indoor multipath wave[2], equalizer te-
chnique in indoor wireless channel[3], diversity which
is solution for reducing fading[4], and modulator and
demodulator{5], and etc.

Recently, we have been studying about fading redu-
ction effect using by omni-directional circularly polar-
ized antenna in indoor wireless environments(6, 7, 8, 9].
From our study activities, it was found that the
polarization diversity reception which use a circularly
polarized antenna at the transmitting end and the ver-

tical and horizontal polarized anienna branches at
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the receiving end is markedly excellent[10].

In this paper, we investigate the optimum condition
that is the best propagation condition to remove the
multipath fading when polarization diversity reception
is adopted. In our measurements, we usce 1.2GHz which
frequency is comparatively easy to transmit because it
is amateur radio band. We received signal power by
using vertical and horizontal polarized antenna and
circularly polarized antenna under LOS and NLOS
conditions. Especially, in our measurements, we
changed the transmitling antenna height in NLOS
environments to examine the fading reduction effect
and to investigate the optimum condition of
polarization diversity reception. From the measure-
ment analysis, it was found that the effective fading
reduction method in indoor radio environments is to
create LOS condition between the transmitting end
and the receiving end, and then to form the polarized
diversity branches at the receiving end by using a

circularly polarized antenna at the transmitting end.

II. Circularly Polarized Effect in Indoor
Wireless Communications

We call two orthogonal polarized waves are not in-
phase but the sum of two waves, electric field vector
elliptically turn around an axis of propagation. This
is called an ellipse polarized wave. Specially, when
amplitude of two components arc same and the phase
is +m/2 [rad}, this is called circularly polarized wave.
In the Figure 1, since verticality to horizontal compon-
ent shift /2 [rad], circularly polarized wave is made.

Usually, the complex reflection coefficients Rye™ /%
and Ry e '™ of the radio wave are given as follows{11]:

, cos 0 —/ n? —sin?(
Rye = (1
cos 0+ n? —sin?0

\ 72 cos 0 — v/ n? —sin?0
Rye ™= (2)
n2cos 8 + n* —sin?0
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Fig. 1 Circularly polarized antenna

where ¢ is an incident angle, n is the complex refr-
action index
Ry and Ry are the amplitudes of reflection
coefficients

0 and 0y are the phases

The sub-character H and V mean the horizontally
poiarized wave and vertically polarized wave respect-
wely.

Figure 2 show an example of the change of phase
angle and the absolute reflection coefficient for the
horizontal and vertical polarized waves. In the Figure
2, Ry and Ry indicate the changing shape of reflection
coefficient for the horizontal and vertical polarized
waves. Also, 0y, 0y indicate the changing shape of
phase angle of the horizontal and vertical polarized
waves. In the Figure (1), when the vertical polarized
wave is al an incident angle corresponding to the brew-
ster angle @, the reflection coefficient Ry becomes to
minimum. That is, all incident waves progress to the
second medium without reflection. Also, when the in-
ardent angles of both Ry and Ry become to maximum
at the angle of 907 the reflection coefficient for the
both cases becomes 1. In the Figure 2(b), 0y change

into nearly 180”7 regardless of the incident angle vari-
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Fig. 2 Change of phase angle and reflection coefficient for
the incident angle

ation and Oy does not change until the brewster angle.

As like this, when the circularly polarized wave
reflected by odd multiple times from the obstacle (in
the range, angle of incidence <C @) the only horizontal
polarized wave component change about 180°. There-
fore, it becomes a left-handed polarized wave which
the turning direction of original electric ficld vector is
reversed. Also, since it is not correctly to change 180°,
odd multiple time reflection wave becomes the left-
handed polarized wave. Therefore, receiving antenna
can not receive like this reflection waves theoretically,
so the circularly polarized antenna can reduce the
multipath waves. Even multiple reflected waves such
as two times reflection wave can be received theoret-
ically because the reflected waves become to a right-
handed polarized wave. However, considering the
propagation loss due to reflection and the fact that
the polarized wave is not a complete circularly
polarized wave but an elliptic polarized wave, the
received signal strength of reflection wave will be
small level. It can be scen that using the circularly
polarized antenna in indoor wireless communication

the multipath fading may be remarkedly reduced.

. Outline of Radio Wave Experiments

3.1 Measuring method and plane

Radio wave measurements are conducted in a con-
ference room which size is general office scale. Me-
asuring places and courses, which shows LOS and
NLOS, are illustrated in Figure 3. Figure 4 shows a
picture of measurement place. The width of office is
I1.11m X 7.99m, height 1s 2.7m and two sides are
windows and the other sides are walls. A measuring
distance is about 4.5m, receiving signal strength are
measured every 1.32mm interval. Figure 5 shows a
schematic diagram of moving measurement system.
Table 1 shows measuring conditions of the omni-di-
rectional circularly polarized antenna. Table 2 shows
the combination of transmitting and receiving polar-

ized waves.
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(b) NLOS(non-line-of-sight) condition

Fig. 3 Measurement plane and course

Signal
Generator
(HP8657B)
pize —~[DAT]
(PC-108H, SonyAh)
Fig. 5 Measurement system
510

Table 1. Measuring condition of the omni-directional cir-
cularly polarized antenna

Transmitting Power 0 dBm
Input impedance 5002
Frequency 1.29875 GHz
Gain —1.45 dB(0.7dB1i)
Transmitting
Transmitting and receiving 1.5m/2.7m
antenna
antenna height -
Receiving antenna 1.5

Table 2. Combinations of transmitting and receiving polar-

1zed wave
Transmitling Receiving Abbreviatior
Circular(height:1.5m) | Circular cC
o WCirculur Inverse Circular C-X
Circular(heighrtrirZ:'lrr:; Circular TC-C
7(77ir<7:7ulzrlr Verlical C-v
(‘irrculark . ’ k};lorizonlal C-H
Horizorrllalw B Horllo;llalvw H-H
}l(;r;:z(;;\lal V}/erticalu ‘ H-V
O Vetical | Vettiel | VeV
7 Vcrlicui Hor{zon(al V-H

3.2 Conversion method of field strengths

The formula of free space 1s used for calculating the
field strength of received power to be measured. When
it radiate signal power P(w) from transmitting an-
tenna with G; gain in free space, field strength E which
is 7(m) distant toward maximum fixed direction from

the receiving spot, is approximalely given as follows.

7 \/Pth
- Y

E (3)
where  P;; Transmit power(w)
G Gain to half wavelength dipole of trans-
mitting antenna

7; Distance from transmit point
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Therefore, we used following formula to conversion
the received field strength.

EoldB]= E;,—20log ke + L —G:—G, 4)

where E,;received field strength
E;,;received field strength conversion value
from transmitting power
he; Antenna effective height
Ly ; Feeder loss
G:; Transmit antenna gain

G, ;Receive antenna gain
IV."Measuring Results and Consideration

4.1 Fading improvement effect by circularly polar-
ized wave

Figure 6 shows the measured signal strength for cir-
cularly polarized wave(C-C) compared with the several
cases of polarized wave reception in LOS radio wave
propagation environments. In the Figure 6, it is
clearly seen that circularly polarized wave(C-C) has
not severe damping and shows remarkable fading re-
duction compared to the reception results of several
polarized waves. On the other hand, in the case of
NLOS condition(see Figure 7), it was found that the
fading reduction is not improved as much as the case
of LOS condition.

Signal strength{dBuV]

Mowing distance {m)

Fig. 6 Signal strengths for LOS condition

Signal strength[dBuV)

Moving distance [m]

Fig. 7 Signal strengths for NLOS condition

4.2 Fading improvement effect by diversity reception

When a circularly polarized wave is transmitted, the
signal strengths received by vertical and horizontal
polarized antenna(C-V, C-H) in LOS condition are
shown in Figure 8. From the Figure 8, it can be seen
that the received signal strengths for C-V and C-H
branches are inversely fluctuated with each other cor-
responding to the most parts of moving distance. This
means that the correlation coefficient between C-V
and C-H branches has negative value, and then the
diversity branches has considerable fading reduct-
ion effect. Figure 9 shows correlation graph of the
C-V and C-H branches for the Figure 8. Table 3
shows correlation coefficient of each polarized wave
branches for the course 2 in LOS condition. And the
simulation result of combining and switching selection
diversity reception for the Figure 8 is illustrated in

Figure 10.

Signal strength[dBuV]
g

o |
30
— 2C
7 ---- 2CH
10
0 1 2 3 4

Moving distance [m]
Fig. 8 Signal strengths of the C-V, C-H in Fig. 6
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Fig. 9 Correlation graph of the C-V, C-H in Fig. 8

Table 3. Correlation coefficient of the branches (I.OS con-
dition)

Branches .of'lransmxl[mg cv.cH | ccov | cocn
and receiving antenna

Course 2 -0.31869 | 0.39710 | 0.33202

Signal strength{dBuV}
2

40
30 r
-—- 2CY-CH §/S Diversity
20 ——--2CV-CH Combining Diversity
10

2 3 4
Moving distance [m]

Fig. 10 Polarization diversity reception of Fig. 8

From the Figure 10, it is clearly seen that the
polarization diversity reception using C-V and C-H
branches in LOS environment can markedly remove
the multipath fading.

Figure 11, 12 shows the signal strengths(C-V, C-H;
from the Figure 7:course 2) received by vertical and
horizontal polarized antenna in NLOS environment
when a circularly polarized wave is transnulted in
course 1, 2. In the Figurc 11, 12 inverse fluctuation

between C-V and C-H branches is also shown as like
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as the LOS condition(see Figure 10:course 2). Table 4
indicates correlation coefficients for the signal strength
of each polarized wave branches on the course |, 2 in
NLOS environment. In this case, C-V and C-H
branches shows the best correlation{negative value),
as like as LOS condition{see Table 3). Figurc 13, 14
shows correlation graph of C-V and C-H branches
for the Figure 1, 12. Figure 15, 16 shows the result
of polarization diversity reception of Figure 11, 2.
From the Figure 15, 16, it is also seen that the
polarization diversity reception using C-V and C-H
branches can remove the multipath fading in NLOS
environment. But this fading reduction effect is not

good enough as much as LOS condition.
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Fig. 11 Signal strengths of the C-V, C-H
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Fig. 12 Signal strengths ot the C-V, C-H in Fig. 7

Table 4. Correlation coefficient of branches (NLOS con-
dition)

-

Branches of transmitting cv-ch | ccov | cecn
i and receiving anlenna

Course | -0.05214 | 0.21539 | 0.42341

Course 2 -0.07499 | 0.19215 | 0.25112
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Fig. 13 Correlation graph of the C-V, C-H in Fig. 11 (course 1)
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Fig. 14 Correlation graph of the C-V, C-H in Fig. 12 (course 2)
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Fig. 15 Polarization diversity reception of Fig. 11 (course 1)
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Fig. 16 Polarization diversity reception of Fig. 12 (course 2)

4.3 Fading improvement effect from transmitting
antenna height

In NLOS condition, in order to get optimum con-
dition for the polarization diversity, a fading reduction
effect due to the variation of transmitting antenna
height(2.7m and 1.5m) is examined. Figure 17, 18
shows the received signal strengths for the TC-C and
C-C in the test course 1, 2. Figure 17 shows almost
the LOS condition due to the receiving point and Fig-
ure 18 shows the LOS and NLOS condition due to
the receiving point, when the transmitting antenna is
focated in the ceiling height. It can be seen that the
signal strength of 2TC-C, from the 2m to the 4.5m in
the Figure 18(see the 2.5m from the wall in the Figure
19; LOS condition), is markedly escaped from multi-
path fading compared to the 2C-C. It means that the
circularly polarized wave, to get the effective fading
reduction in indoor wireless environment, must be
used in LOS/NLOS condition.

| LOS conditi ;
70
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=
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e
3
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=]
&
— 1TCC
0
0 1 2 3 4

Moving distance [m]
Fig. 17 Signal strength of 1C-C, I TC-C (existence of an ob-
stacle)
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Fig. 18 Signal strength of 2C-C, 2TC-C (existence of an ob-

stacle)
Tx LOS
Rx2
l«—2.28m
Moving
49 5m

Fig. 19 Changing position of LOS and NLOS condition
(course 2)

4.4 Comparison of fading reduction by cumulative

distribution

Figure 20 shows cumulative distribution for the
received signal strengths of C-C, C-V and C-H waves
in LOS condition, including the cumulative of diver-
sity reception result for the C-V and C-H branches.
From the Figure 20, fading reduction effect of C-C
wave is the best.

Figure 21, 22 shows cumulative distribution curves
for the NLOS condition. In this cases, polarization
diversity reception of C-V and C-H branches shows
the best reduction effect for the multipath fading.

Therefore, to reduce the multipath fading in indoor
wireless environment, it can be inferred that a cir-
cularly polarized wave should be used in LOS con-
dition and polarization diversity reception composed
of C-V and C-H branches must be needed in NLOS

condition.
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V. Conclusions

In this paper, In order to optimally reduce the fa-
ding signals received by a vehicle in motion in indoor
wireless environments, omni-directional circularly
polarized antenna and polarization diversity reception
methods are adopted. Also, to make sure the fading
reduction effect for the circularly polarized waves in
LOS/NLOS condition the transmitting antenna
height was changed on the ceiling high.

From the experimental results, in case of LOS con-
dition, it was found that fading reduction effect by a
circularly polarized wave is remarkable. On the other
hand; in case of NLOS condition, fading reduction ef-
fect using by only circularly polarized wave can not
be seen as much as the case of LOS condition. But, in
the case of NLOS condition the polarization diversity
reception composed of C-V and C-H branches is an
effective method to get remove the fading signals.

In conclusion, it can be inferred that the effective
fading reduction method in indoor radio environments
is to create LOS condition between the transmitting
end and the receiving end, and then to form the po-
larized diversity branches at the receiving end by using

a circularly polarized antenna at the transmitting end.
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