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Abstract— This paper focuses on propagation path loss model-
ing in viaduct and plain scenarios of the High-speed Railway. The
data used for modeling comes from measurement on Zhengzhou-
Xi’an passenger dedicated line with the maximum moving speed
of 340Km/h. Based on the measurement data, tuned Free-space
path loss models in these two scenarios are proposed. The
performance of the tuned models is compared with that of the
Hata model. The evaluation of the models is in terms of mean
error, root mean square error and standard deviation of the
residuals between the models and measurement. The simulation
results and related analysis show better performance of the
proposed tuned models compared with the conventional Hata
model.

Index Terms— path loss; modeling; High-speed Railway;
viaduct; plain

I. INTRODUCTION

With the rapid development of the High-speed Railway,
more and more attention has been paid to the characteristics
of the wireless channel in railway scenarios. Among all the
characteristics of the High-speed Railway, path loss is a basic
one which is of great importance in the design of the High-
speed Railway Communication System.

As we all know, there are lots of models based on the
statistical and theoretical analyzes. But none of them are uni-
versally applicable. The Hata model is widely used in macro-
cell scenarios. And also, a lot of work is done to predict the
propagation path loss between the transmitter and the receiver
in such scenarios as urban or suburban [1], [2]. Unfortunately,
some typical scenarios of the High-speed Railway, such as
viaduct, plain and cuttings, are few considered.

The propagation path loss modeling methods are in varied
forms. Although ray tracing[3] is a more precious method,
it’s time and memory consuming in the modeling of large-
scale propagation. Similarly, reference[4] suggests improving
the performance of the model by using detailed morphological
and building data. But the detailed information needed is
hard to obtain. Therefore, statistical models are frequently
used. Reference[S] suggests adding the average residual to
the present model. However, the path loss exponent remains
the same in this way. In practice, obstructions between the
transmitter and receiver as well as multipath propagation
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will have effects on the value of the path loss exponent[6].
Therefore, the path loss exponents are so important that should
be tuned in different scenarios. Most of the references such
as[7]-[10] present the path loss exponent and the shadowing
to show the large-scale propagation characteristics of some
typical scenarios based on measurement. Though precious,
these models lose the universality.

To meet the needs of the path loss modeling in the scenarios
of the High-speed Railway, model tuning is done based on
the measurement data of the Zhengzhou-Xi’an(Zhengxi) High-
speed Railway. In this paper, firstly, measurement environment
and the system are introduced. Then, based on the measure-
ment data, tuned Free-Space path loss models are presented in
viaduct and plain scenarios, respectively. Finally, performance
evaluation is made to check whether these two models can
predict the path loss in these two scenarios well.

II. MEASUREMENT ENVIRONMENT AND THE SYSTEM
A. Measurement Environment

The measurement has been carried out in Zhengxi High-
speed Railway with a total length of 458Km. And the speed
of train is up to 340Km/h. Usually, there are some typical
scenarios along the high speed railway, such as viaduct,
cuttings, plain and mountain area. Along Zhengxi railway line,
viaduct ,which is built highly above the ground, occupies more
than 50% of all the scenarios. The viaduct scenario is showed
in Fig.1. As the figure shows, the surface of the viaduct is
almost flat. And it is higher than most of the surroundings.

l

Fig. 2. Plain scenario

Fig. 1. Viaduct scenario

In plain scenario, the fluctuate of the ground is small,
just like that of the surface of the viaduct. Therefore, the
propagation characteristics have something like in these two
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scenarios. Fig.2 shows a typical plain scenario in Zhengxi
High-speed Railway.

B. Test System

The measurement has been taken in the present network
on Zhengxi passenger dedicated line. Therefore, the testing
frequency is the same as the downlink frequency, which
ranges from 930.2MHz to 933.4MHz with a bandwidth of
200KHz. The transmitting antennas on the line are mainly
cross-polarized with 17dBi Gain, 65° horizontal and 6.8°
vertical beam width. The transmitting power of the antennas is
43dBm. And the receiving antenna which is omni-directional
is placed on the top of the train, with a height of 3.5m.

The receiving system , which is shown in Fig.3, is composed
of the receiver Griffin, the software and the GPS. The receiv-
ing power collected by Griffin and the position information
collected by the GPS are given to the software to do some
analysis. The sampling rate of Griffin is one sample per 52cm.
And the receiving data between two base stations is called a

group in this paper.
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Fig. 3. Test system

III. MODELING OF THE PATH LOSS IN VIADUCT AND
PLAIN SCENARIOS

A. Measurement Results and Analysis

Fig.4 and Fig.5 show the receiving power with log-distance
in viaduct and plain scenarios. And the unit of the distance
is Km. The measurement distances are 3Km and 1.793Km in
these two pictures, respectively. The fast fading is smoothed
out according to Lee’s law[11].

In the large-scale propagation modeling, the near field data
should be deleted. The two figures given here and other
measurement results show that the receiving power suffers
large fluctuation within 300m. So only the data farther than
300m is considered in the data process.

B. Tuned Free-space Pass Loss Models

In viaduct and plain scenarios, the transmitting and receiv-
ing antennas are much higher than most of the surroundings.
The power of the line of sight of the radio propagation in
viaduct scenario is stronger, while that of the multipath is
relatively weaker. On account of this, Free-space path loss
model can be used to predict the path loss of viaduct and plain
scenarios. However, the difference between the measurement
and Free-space path loss exists, although not big. Therefore,
tuned Free-space path loss models are needed.
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Fig. 4. Receiving power in viaduct scenario
-30 T T e‘?:.
o 0'
-35- o &
[] o
. -40+ o o é; o
(3 o ®o
@ ) o @
2 -45¢ °
® ° o
g o ° o °°
> -50r o o ° o )
e o g,%
2 g5l
] 55 oo
@ o o
m 2
-60f 3
(]
-65+ o
(]
-70 : ‘ °
-2 -1.5 -1 0 0.5

-0.5
log10(d)

Fig. 5. Receiving power in plain scenario

Free-space path loss is calculated as:

Lo(dB) = 32.45 + 20 x log;o(d) + 20 x log,o(f) (1)

Where, d denotes distance between the transmitter and the
receiver in Km, and f denotes carrier frequency in MHz.
The receiving power is:

Pr=P+Gy—lp—1lg—Lm 2

Where, P, is the receiving power; P, is the transmitting
power, P, = 43dBm; Gy is the gain of the transmitting
antenna, G, = 17dB1; [}, is the loss of the base station’s feeder,
ly = 3.3dB; l; is the loss of the Power-divider, [; = 3.5dB;
Ly, is the measured path loss.

Then, the path loss of the measurement data can be ob-
tained:

Ly,=P +Gy—1ly—Ilg— P, (3)

The difference between the Free-space and measured path
loss is:

AL = Lm - LO (4)

On the one hand, in the measurement of each time, only
the distance between the base station and the receiver changs.
On the other hand, pass loss is linearly related to the distance



in log-domain. So, the tuned equation is defined as follows:
AL = Kylgd + K> (5)

Where, K is the parameter about distance; K is the
constant. The two parameters are obtained by Least-square
criterion.

In the modeling process, 274 groups in viaduct and 30
groups in plain of measured data are used. As the measure-
ment data of the receiving power may sometimes invalid,
the parameters K; and K> are invalid consequently. The 3o
criterion is introduced to eliminate the invalid values of the
two parameters. o and |Av;| = |v; — 9| denote the standard
deviation and absolute value of the residuals between the data
and their mean value, respectively. If the condition |Av;| >
3o is satisfied, the criterion detects the invalid data. After
the detection, 260 and 30 groups left in viaduct and plain
scenarios. Then, the parameters’ median value, mean value
and standard deviation of 260 groups of K; and K3 in viaduct
scenario are given in Table I. And those of 30 groups of K
and K> in plain scenario are given in Table IL

TABLE I
STATISTICAL VALUES OF K7 AND K3 IN VIADUCT SCENARIO

Parameter Median(dB) Mean(dB) Std(dB)
K 6.26 6.9152 6.019
K> 9.855 7.33 12.38

TABLE II

STATISTICAL VALUES OF K; AND K3 IN PLAIN SCENARIO

Parameter Median(dB) Mean(dB) Std(dB)
K 14.19 12.82 10.28
Ky 12.72 14.9 5.339

In this paper, the median values of the K; and Ky are
employed. The mean value is calculated by averaging the
values of different groups. One situation that can make the
things get worse is when there exits several higher values.
Fortunately, the median value can avoid this problem. So, the
values of K and K> are obtained finally.

In viaduct scenario: K1=6.26, K2=9.855

In plain scenario: K1=14.19, K2=12.72

The tuned Free-space path loss model is:

L=AL+ Ly 6)
L= Kl Xloglo(d)+K2+3245+20Xloglo(d)+20xlog10(f)
(N

Then, the models in viaduct and plain scenarios are re-
pressed as:

Luia = 42.305 + 26.26 x log,(d) + 20 x logyo(f)  (8)

IV. PERFORMANCE EVALUATION

In this section, performance evaluation of models is done to
analyze whether the tuned models can adjust the measurement

data or not. To do this, open area scenario in Hata, similar to
viaduct and plain scenarios of the High-speed Railway, is used
for comparison. And the groups that used for model evaluation
are 180 and 30 in viaduct and plain scenarios, respectively.

A. Hata Model in Open Area and Introduction of the Evalu-
ation Terms

In open area, the Hata model is expressed as following:

Lurban = 69.55 + 26.26 x log,o(f) — 13.82 x log,o(hs)
—a(hm) + (44.9 — 6.55 X logyo(hp))logo(d) — K
(10

alhm) = (1.1 x log,o(f) — 0.7) A — (1.56 x log,o(f) — 0.8)
(1)
K = 4.78 x (log,o(f))? — 18.33 x logo(f) +40.94 (12)

Where, f donates frequency; hy, donates the height of the
base station; d donates the distance between the transmitter
and the receiver; a(h,,) donates the correction factor of the
height of the mobile station; K donates the correction factor
for open area.

To evaluate the performance of the models, the residuals of
the path loss between the measurement and the models are
studied. And the expression is shown below:

AL = Ly — L ={ALy,ALy..AL;...ALy}

13
i=1,2..N (13)

Where, L., is the measurement path loss; L is the corre-
sponding path loss of the models for comparison; NV is the
total number of the sampling points in the group.

The mean value (M) of the residuals is defined as:

N
S AL

~F _ i=l
AL="5— (14)

The standard deviation (STD), which reflects the fluctua-
tions of the residuals between the path loss of the measurement
and the Hata model, is defined as:

N -
> (AL;— AL)?

=1

g =

N1 (15)

Reference[12] points out that the tuned model can be used
when STD is lower than 10dB.

And the root mean square error (RMS) is obtained as
following:

(16)

B. Performance Evaluation of the Two Models

Firstly, the residuals between the tuned Free-space model
and Hata model are calculated. Then, the evaluation indexes
M, RMS and STD can be obtained. To observe the perfor-
mance of the tuned model clearly, statistical values of M, RMS
and STD in viaduct and plain scenarios are listed in Table III
and Table IV.



TABLE III
STATISTICAL VALUES OF THE RESIDUALS OF THE TUNED MODEL AND THE
HATA MODEL IN VIADUCT SCENARIO

Model M(dB) RMS(dB) STD(dB)
Tuned Free — space  1.436 5.765 3.442
Hata 6.546 8.26 4
TABLE IV

STATISTICAL VALUES OF THE RESIDUALS OF THE TUNED MODEL AND THE
HATA MODEL IN PLAIN SCENARIO

Model M(dB) RMS(dB) STD(dB)
Tuned Free — space  2.603 6.379 4.18
Hata 13.55 14.09 3.694

As the table shows, in viaduct scenario, the mean values of
M, RMS and STD of the tuned model are 1.436dB, 5.765dB
and 3.442dB, while those of Hata are 6.546dB, 8.26dB and
4dB. The mean error is improved by 5.1dB. The improvement
of RMS and STD are 2.5dB and 0.6dB, respectively. And the
term STD is lower than the maximum tolerated value of 10dB.
Therefore, the tuned model can adjust the measurement data
well.

In plain scenario, the mean values of M, RMS and STD
of the tuned model are 2.603dB, 6.379dB and 4.18dB, while
those of Hata are 13.55dB, 14.09dB and 3.694dB. Though the
term STD of the tuned model is increased by 0.5dB, it shows
that M and RMS decrease significantly after tuning process,
which are 11.0dB and 7.7dB respectively.

For the mean error, -10dB to 10dB is the interval that should
be paid attention to. In viaduct scenario, the probability in this
interval is 0.933 for tuned model and 0.812 for Hata model. In
plain scenario, the probability in this interval is 0.933 for tuned
model and 0.333 for Hata model. In plain scenario, however,
STD of the tuned model turns higher. But the maximum of
STD is 6dB, which is lower than the tolerated value of 10dB.
And as mentioned above, it only increases by 0.5dB. The cost
is low compared to the decrease of the mean error and the
root mean square error.

Fig.6 and Fig.7 present two examples to make comparison
between the tuned models and the classical Hata model in
viaduct and plain scenarios. The two pictures show that the
tuned models work better than Hata.

V. CONCLUSION

In this paper, propagation measurement data in viaduct and
plain scenarios of Zhengxi High-speed Railway is analyzed
and discussed. Based on these measurement data, tuned Free-
space path loss models are made in viaduct and plain scenar-
ios. Finally, the tuned models are compared to the Hata model,
which is widely used in GSM network. Evaluation results
show that the mean errors of the tuned models are decreased
by 5.1dB in viaduct scenario and 11.0dB in plain scenario
compared to the Hata model. And the tuned models’ root
mean square errors are decreased by 2.5dB in viaduct scenario,
7.7dB in plain scenario. Consequently, these models will be

130 T T
o Measurement
------- Hata &
120} — Tuned Free-space 3
110+
o
S
73
8 100+
- X
®© .
b ST
90K - et 8 T
80 o
7 . . L L L .
—8.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
log10(d)

Fig. 6. Comparison of the path loss of the tuned Free-space model in viaduct,
Hata model in open area and the measurement
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Fig. 7. Comparison of the path loss of the tuned Free-space model in plain,
Hata model in open area and the measurement

useful for predicting the propagation path loss in viaduct and
plain scenarios of the High-speed Railway.
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