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ANALYSIS OF THE INDOOR PROPAGATION LOSSES
FOR THE PORTABLE PHONE "POINTEL"

Ch. Zaharia*, GG, E! Zein and J. Citerne
Laboratoire Composants & Sysiémes pour Télécommunications
URA CNRS 834, INSA, 35043 Rennes Cédex, France

ABSTRACT

The resulis of power loss measurements for the portable phone "Pointel”
operating in the 864 - 868 MHz band are presenied. These measurements were
performed in the frequency domain using a network analyzer. Three indoor
environments were considered for propagation expetiments. Three methods for
the power loss analysis are also described, From the obtained resules, the radio
coverage with both line-of-sight and obstruction of the direct path is derived.

I. INTRODUCTION

The measurements described in this paper were performed for the portabie
phone "Pointel”, developed by SAT-Paris. This system operates in the 864 - 868
MHz frequency band and has 40 charmels with 100 KHz bandwidth. For such a
system, the well known global analysis [1], [2} is not sufficient. Indeed, the
results given in this paper shows that the parsmeters of the relationship between
the power loss and the distance between antennas are frequency-dependent in the
considered frequency band. For this reason, the analysis was also carried out for
cach channel of the system. The obtained results are used to estimate for each
channel the radio coverage. The comparison with the radio coverage estimated
with the global method shows the otility of the analysis for each channel.

I1, DESCRIPTION OF THE MEASUREMENTS

The measurcment system {3] is buaily up around a HP 8753C network
analyzer which generates a swept frequency signal from 864 MHz to 368 MHz
in 801 equally spaced steps analyses the received signal. The output of the
network analyzer is connected to the ransmitting (Tx) antenna through 2 50 m
coaxial cable with 8 dB atenuation. The calibration is performed at the output of
this cable. The signal from the receiving (Rx) antenna is returned through a 4.5
m cogxial cable to the network analyzer to determine the S21 parameter. For gach
location of the Rx antenna, the magnitude of S21 was recorded.

Measurements were carried out in two different buildings: the principal
building of INSA (The National Institot of Applied Scicnices) and the railway
station at Rennes, The environments considered in this paper consist of one
corridor in the building of INSA and one comidor in the first floor of the railway
station. For the first enviroriment, the line-of-sight {LOS} was assured for each
location of the Rx antenna (INSA-LOS). At the railway station, in the first
situation, a sirrular scenario was chosen (R ST.-LQS). For the second situation,
the L.OS was obstructed (R.ST.-QLOS).

The Tx antenna was elevated at 2.25 m. For each location of the Rx
antenna, two values for its height were considered: 1.7 m and 1.2 m. During the
measuremnents, both antennas were kept fixed. Conceming the titme invariance of
the channel, the measurements were performed during the night, in order 10
avoid the effects of the presence of people. The surrounding enyironment was
kept sationary by preventing movements during the data acquisidgon.

In order 10 reduce the measurement notse, for each position of the Rx
antenna, four measurcements were performed (650 ms sweep time) and the
results were averaged,



IIl. MEASUREMENT ANALYSIS

The main objective of these measurements is tw determine the radio
coverage, related 1o the power - distance relationship in the area.

II1.1. Global analysis

For each frequency fj (1 <j < m) chosen in considered frequency band and
for each position of the Rx antenna, placed at a distance dj {! < i < n) from the
Tx antenna, a value pij for the power loss was obtained. For each distance dj,

the m power loss values can be averaged. As usual [1}, [2], [4], assuming that,
for a given distance d, the average power loss can be expressed as:

P(d) = A d& (1)
when the logarithm of (1) is taken, the following linear relationship accrues:
P(dB) = A (dB) + & [10 logo(d)| {2)

Using a lincar regression analysis {5] between the average power loss and

the distance, the minimum mean square error (MMSE) line is computed. All the
results are given in Table 1.

Table L. The results of the global analysis
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We can see that @ < 2 for LOS environmenits. This indicates a wave
guiding effect [6]. The cormridor placed at the railway station (R.ST.-L.OS) is
larger than the other one (INSA-LOSY; the top of the corridor presents an open
zone and the ceiling is higher. For this environment, the propagation conditions
resemble those associated with free-space. Thus, o is closer 1o 2. However, it
can be ohserved that o < 2 indicates a weak guiding effect. For the OLOS

environment (R ST.-OL.OS), for h=1.7 m, the measurements indicate @ > 2.
Thus, the propagation conditions are more difficul for the OLOS environments.

As a general remark, o is greater for h=1.7 m. For h=1.2 m, the results obtained
for LOS environmenis arc almost the same. This indicates thas for smaller values
of Ir, the difference between the two environments is not very important.

I1.2. Analysiz (or each frequency

The results given in Table 1 represent global values, useful to characterize
in a general manner the wave propagation in the considered frequency band.
However, it is possible to repeal this analysis for each frequency value, Thus,
for each frequency fj, the regression analysis between pij and di gives the values

oy and Aj Fig.1. shows a plot of o and A versus frequency.
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Fig.1. &) A plor of the siope versus frequency (R.ST.-LOS |
b) A plot of A parameter versus frequency (R.ST.-LOS)

_ For cach parameter, the global value obtained with the first analysis is also
indicated, As in [4], some important conclusions can be pointed out:
13 the indoor radio channel presents a frequency selecavity; therefore, this
analysis is usefui for a better understanding of this ransmission channesl:

2} the averages of the 801 samples for aj and Aj respectively are equal to

the global values o and A obtained above. This is a general result that can be

mathematically proved. The global values computed at the section 1111 can be
deduced from the section T11.2. by simple averaging.over the frequency band.

HIL3. Analysis far each channel

The “Pointel™ system has 40 channels and every channe! has 100 KHz
bandwidth. Thercfore, it is useful to analyse the relatonship between power loss
and distance for each channel of this system. It is possible to repeat the global
analysis for each 100 KHz frequency band. However, there is an easier way o

obtain the same results: it is sufficient 10 compute the average value of @ or A for
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cach channel. In our case, for each channel there are 21 equidistant frequency

values, s0 there are 21 values for o and A. The results are presented n fig 2.
We can note the likeness with fig. 1. These results can be used te compute the
maximum distance between antennas for a given power loss value. The distances
given in Table 2 were computed for 82 dB power loss. In each case, the analysis
for each channel gives a smaller distance than the global analysis. These values
assure the normal wotking for all the channels of the "Poinel” system,

Table 2 The maximum distances between untennas
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CONCLUSIONS

Power loss measurements of the indoor radic channels have been
performed in the 864 - 868 MHz band. Three environments were chosen and
each time, two values for the height of the receiving antenna were considered.
Three post processing methods were described. The obtained resulis were used
to evaluate the radio coverage.

The distances obtained with the results of the analysis for each channel are
more reliable and accurate than those obtained with the global analysis.

The analysis described tn this paper can be used for other wireless systems
with several adjacent channels.
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