
The Method to Setup the Path Loss Model by the Partial Interval Analysis in the Cellular Band / 105
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There are the free space model, the direct-path and ground reflected model, Egli model, Okumura-Hata model in the

representative propagational models. The measured results at the area of PNG area were used as the experimental data in this

paper. The new proposed partial interval analysis method is applied on the measured propagation data in the cellular band. The

interval for the analysis is divided from the entire 30 Km distance to 5 Km, and next to 1 Km. The best-fit propagation models

are chosen on all partial intervals. The means and standard deviations are calculated for the differences between the measured

data and all partial interval models. By using the 5 Km- or 1 Km- partial interval analysis, the standard deviation between the

measured data and the partial propagation models was improved more than 1.7 dB.
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From the 1990s, many remarkable progresses have been made

in the mobile communication systems through AMPS, GSM, and

CDMA systems. Currently, the high-speed mobile data services

of Wi-Fi, LTE... are available. The expensive fees have been

imposed on the cellular system due to the frequency-band

allocation. Nevertheless, the analysis on the frequency channel

characteristics are not sufficient[1].

The researches on the propagation models in the cellular bands

(850MHz) have begun with the wide-use of the mobile phones.

There are the free space model, the direct-path and ground

reflected model, Egli model, Okumura-Hata model in the

representative propagational models.

The measured results at the area of PNG in Russia were used as

the experimental data in this paper. To characterize the n ew

propagation model for the PNG area using many conventional

propagation models, the measurement data was divided into a

number of analysis intervals. Among the conventional

propagation ones, the closest propagation model to the

measurement data was chosen for each interval. The new

propagation model can be assembled from the closest ones. By

applying the assembled propagation model to the measurement

data in Russia, an improved result on the standard deviation of

at least 1.7 dB was obtained.

In article II, the propagation theory and the propagation
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environment in the measured area were introduced. In article III,

the measured data in Russia was plotted to graphs, and the

method of the partial analysis was proposed. In article IV, the

results of the partial analysis were summarized.

In the basic theoretical and conventional propagation models

for the cellular system, there are the free-space path loss model,

a direct wave and the ground reflected wave model, Egli model,

and Okumura-Hata propagation model.

1. The Free-Space Propagation Model

The free space is an air media without obstacles. In figure

1, the free-space path loss can be calculated as follows. The

transmitted power which is radiated from a certain source is

getting smaller in proportion to the square of the distance

between the transmitter and receiver antennas, and then

arrives at the effective area of the receiver antenna. The ratio

of the received power relative to the transmitted power is the

free-space path loss[2].

Fig. 1 The Free-Space Propagation Model[2]

The free-space path loss in the figure 1 is calculated as follows:
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When equation (1) is expressed in decibels,

  log  log 

 log   log  

(2)

can be obtained. Where Wt is the transmitted power, Wr is

the received power, Gt is the transmitter antenna gain, Gr is

the receiver antenna gain, λ is the wavelength of the radio

wave, d is the distance between the transmitter and receiver

antennas.

2. The direct wave and ground-reflected wave model

The radio wave from the transmitter antenna to the receiver

antenna is consisted of the direct wave and ground-reflected

wave as in figure 2. The final received power at the receiver

antenna is the sum of the direct wave and the reflected wave at

the earth's surface.

The path loss for the direct and ground-reflected wave is

obtained as in equation (3) from the reflection coefficient Γ 

and the phase difference Δφ in the earth's surface[3].
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Fig. 2. The direct and ground-reflective propagation paths

Where d represents the distance between the transmitter and

receiver, Gt is the transmitter antenna gain, Gr is the receiver

antenna gain. If the distance between transmitter and receiver are

significantly larger than the height of the antennas and the angle

Δφ of reflection in the ground is very small, the reflection

coefficient Γ will be -1. The path loss is calculated as follows:
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When equation (4) is expressed in decibels,

   log  log

log log
(5)

can be obtained. This expression is called as the direct and

ground-reflected propagation model.

3. Egli propagation model

If the transmitter antenna height is ht, the distance between

transmitter and receiver antennas is d [Km], and the receiver

antenna height is 1.5 m, the average path loss for Egli

propagation model is calculated in dB as follows:

    loglog (6)

This propagation model is available in the range of 0 ~ 60 Km

distance and in the frequency range of 40 ~ 900 MHz[3].

4. Okumura - Hata propagation model

The path losses in the urban area of Tokyo in Japan were

measured and Okumura plotted them to many graphs. After

about 20 years, Hata derived Okumura's graphs to some

empirical formulas. Hata's path loss equation[4] of the urban

area of Tokyo in decibels is as follows:

    log  log

  loglog
(7)

Where A(h r ) is the calibration value for the receiver antenna

height.

And, the path loss of Hata model in the sub-urban area of

Tokyo is as follows:

L PS = L P - {2 log ( f /28)} 2- 5.4 (8)

And the path loss of Hata model in the open area of Tokyo is as

follows:

     log   
  log  

(9)

Where the height of the base station antenna is ht, the height of

the handset antenna is hr, the used frequency is f. As the distance

between base stations and handsets, the frequency, and the

transmitter and receiver antenna heights are included in

equations (7) ~ (9), the environmental characteristics of the

measured area are involved in Hata model.

Above several kinds of propagation models will be applied to

the partial interval analysis method.

1. The measurement environment

The RSSI(Received Signal Strength Intensity) used in this

paper was measured at the PNG(Pipeline Natural Gas) area in
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Russia. The RSSIs were measured on the roads that connect 5

cities of the PNG area. After the temporary base stations are

installed on five map locations shown in figure 3, the RSSIs were

measured in the laboratory car. Analysis for the measured RSSIs

makes it possible to calculate the path loss characteristics in this

area[5].

RSSIs from the base station to the mobile station are measured,

and RSSIs from the mobile station to the base station are also

measured, respectively. The measured data at the base station

and the measured data at the mobile station are stored

simultaneously at different storage disks. But, the GPS times at

the base station and the mobile station are synchronized, so each

down-link and up-link data can be separated and integrated[6].

Fig. 3. Field test sites at the PNG in Russia : 1, 2, 3 ,4, 5
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Fig. 4. Configuration of the Field Test Measurement System

2. Measurements for the RSSIs

The equipment parameters in figure 4 and link budget between

the transmitter and receiver equipment are shown in table 1. The

link budget makes it possible to obtain the path loss

characteristics between the base station and mobile station in

equation (10)[5].

Path Loss = P(Tx) - Tx. Antenna Cable Loss

+ Tx. Antenna Gain

- {P(Rx) - Rx. Antenna Gain

+ Rx. Antenna Cable Loss} (10)

Radio dead spots and fading phenomenon make the path losses

different even on the same distance between the transmitter and

the receiver. The curvature of the terrain, obstacles due to the

non-line of sight areas, buildings, and forests etc are the causes

of the irregularities in the path loss.

Table 1. Link Budget of the measurement system

Base

Station

Antenna Gain(dBd)
Omni-direction 8

Direction(60) 12

Antenna Cable Loss(dB) 8 ~ 20

LNA Gain at the receiver(dB) 12

LNA NF at the receiver(dB) 2

Handset
Antenna Gain(dBd) 3

Antenna Cable Los(dB) 3 ~ 6

The path losses according to the distance between transmitter

and receiver are obtained in figure 5 from the measured RSSIs

[7][8] with the environment parameters such as antenna gain and

antenna cable losses etc.
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Fig. 5. The Path Loss Analyzed from the Field Test

Measurement Data

3. The partial interval analysis to set-up the propagation

model

After the formulas for the propagation models introduced in

article II are normalized for the same measurement environment

conditions, actually-measured data was drawn with the

normalized formulas in figure 6[9][10].

The means and standard deviations for the difference between

actually-measured data and the formulas are listed in table 2.

From the table, the average of the difference values between the

measured data and Hata suburban model is -4.2 dB which is the

minimum value, and the standard deviation of the difference

values between the measured data and the direct wave and

ground-reflected wave model or Egli model is 7.1 dB as the

lowest value[11].

First, the entire distance is divided to 6 parts with 5 Km

interval for analysis. And then, 6 representative models for 5 Km

intervals which were selected among the conventional

propagation models are shown in figure 7. The standard deviation

between 6 partial interval-propagation models and the measured

data is 5.8 dB, which is 1.3 dB lower than 7.1 dB, the standard

deviation between the direct and ground-reflected model and the

measured data.
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Fig. 6. The path loss characteristics at the PNG in Russia

Table 2. Comparisons of Means and standard deviations

Propagation models
Mea
n

Standard
Deviation

Free Space Model 27.6 11.6

Direct-reflected Model 20.7 7.1

Egli Model -7.9 7.1

Hata Urban Model -14 8.1

Hata Suburban Model -4.2 8.1

Hata Rural Model 14.2 8.1

Next, the entire distance is divided to about 30 parts of 1 Km

interval. 30 representative models for 1 Km intervals which were

selected among the conventional propagation models are also

shown in Figure 8. The standard deviation between 30 partial

interval propagation models and the measured data is 5.4 dB,

which is 0.4 dB lower than 5.8 dB, the standard deviation

between 6 parts with 5 Km interval propagation model and the

measured data.
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Fig. 7. The path loss characteristics(Interval : 5 Km )

Table 3. Comparison of the Standard deviations(Intervals : 30Km, 5Km, 1Km)

Interval
Propa. Model

Entire
Distance

5
Km

1 Km

Direct-Reflected Model 7.1
5.8 5.4

Egli Model 7.1
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Fig. 8. The path loss characteristics(Interval : 1 Km )

The standard deviations between the measured data and the

entire distance, 5-Km, and 1-Km interval path loss models are

summarized in table 3. The standard deviations for the 5-Km

interval propagation model and the 1-Km interval propagation

model are 5.8 dB, 5.4 dB respectively from table 3. As the result,

the 5-Km model is 1.3 dB lower than the entire distance model.

And, The 1-Km model is 1.7 dB lower than the entire distance

model.

In this paper, the propagation characteristics in the cellular

band are measured at the PNG area in Russia, and then the

path loss model could be analyzed from the data.

The best path loss model for the measured area, the PNG

sites could be set up by the conventional propagation models.

By the partial interval analysis, the measured data at the PNG

is used to find out the new-combined model from the

conventional propagation models.

The entire measured data of 30 Km is divided to each

5-Km, or 1-Km interval, and the conventional propagation

models were selected for each 5-Km or 1-Km interval

propagation models. For each 5-Km or 1-Km interval, the

means and standard deviations for the differences between the

measured data and the conventional propagation models were

obtained.

When a single conventional propagation model is applied to

the measured data, the direct and ground-reflected propagation

model is the closest to the measured data because the

standard deviation between the measured data and the direct

and ground-reflected propagation model is the smallest value of

7.1 dB.

The entire 30 Km distance is divided to 6 parts of 5 Km

interval. And 6 models which are representative for each 5 Km
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interval are selected among the conventional propagation models.

The standard deviation between 6 partial models and the

measured data is 5.8 dB. And the entire distance is divided to 30

parts of 1 Km interval. 30 models which are representative for

each 1 Km interval are selected among the conventional

propagation models. The standard deviation between 30 partial

interval propagation models and the measured data is 5.4 dB.

By applying the partial interval propagation models to the

cellular sites at the PNG in Russia, the standard deviation

between the new-combined partial propagation model and the

measured data is at least 1.7 dB improved.

Futhermore, by applying more conventional propagation

models to the partial interval analysis method, the more

accurate propagation model for the specific area is to be found

out.
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