
Dynamic Channel Model with Overhead Line Poles
for High-Speed Railway Communications

Lai Zhou, Zhi Yang, Fengyu Luan, Andreas F. Molisch, Fellow, IEEE,
Fredrik Tufvesson, Fellow, IEEE, and Shidong Zhou, Member, IEEE

Abstract—In order to develop reliable communications links
for high speed railway (HSR) systems, accurate models for the
propagation channel are required. The radio channel properties
in HSR scenarios are different from those in cellular scenarios
not only due to the high velocity, but also due to the special
construction elements and the type of surroundings along the
train lines. This paper focuses on the influence of overhead line
poles along the railway on the HSR communication channel. The
overhead line poles affect the line-of-sight (LOS) communication
path periodically, and also act as static and periodic scatterers
along railway lines. We performed a measurement campaign at
a carrier frequency of 2.4 GHz on the Guangzhou-Shenzhen
dedicated high-speed train line in China. Based on the
measurement result we propose a dynamic channel model
considering periodic poles for HSR communication.

Index Terms—High speed railway, channel measurement, over-
head line pole, line-of-sight, channel model.

I. INTRODUCTION

The advance of high-speed railway (HSR) communication
has already attracted a lot of attention from both the research
community and the industry. The wireless communication
link is a critical but challenging element in HSR devel-
opment. To understand the real radio propagation features,
many channel measurement campaigns have been performed
in specific scenarios to study channel properties and non-
stationary characteristics [1] [2].

In order to model correlation and changing environments,
previous works on channel models for HSR mainly focused on
geometry-based stochastic channel models (GSCMs) [1] [3],
but the developed models do not consider special construction
elements like overhead line poles along the railway, that affect
the large scale parameters and instantaneous link behavior.
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TABLE I
MEASUREMENT PARAMETERS

Parameter Setting

Bandwidth 40 MHz

TX height 30 m

RX height 1.2 m

Test signal length 12.8 µs

Moving speed about 300 km/h

There are some previous studies paying attention to the effect
of poles, in example [4] the scattering from traffic signs
(cylindrical or rectangular poles) beside the road in vehicular
communication scenarios was studied, and in [5] the effect
of telegraph poles and electrical wires on the safe distance
of a helicopter was studied. The influence of overhead line
poles on the wireless propagation is clearly observed in our
measurements, and it is advisable to consider such poles
in channel modeling. Hence, this paper proposes a dynamic
model with periodic poles for HSR communication based on
these measurements.

The rest of this paper is organized as follows. A brief
introduction of measurement campaign and effect of overhead
line poles is described in section II. In section III, we present
the measurement results and details of the dynamic model. The
model outline with measurement parameters and simulation
results are shown in section IV, and at last section V concludes
the work.

II. MEASUREMENT CAMPAIGNS

A. Measurement setup

A wideband channel sounder with center frequency of
2.4 GHz was used to conduct channel measurement on the
Guangzhou-Shenzhen dedicated high-speed train line in China
[6]. The transmitter (TX) equipped with a directional antenna
was mounted on the base station (BS) tower located at the side
of the rails; the receiver (RX) equipped with vertically polar-
ized and omnidirectional antenna was fixed on the window
of the carriage facing the BS. Details about the measurement
configuration are given in Table I.

B. Construction environment along the rail

The special construction elements used for HSRs give rise
to specific properties of the propagation environment that are



BS

RX

Pole

Railway

50 m

X(t)Train   Xk

1.5 m

Fig. 1. The overhead line poles along the rail.
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Fig. 2. The distance-delay-power profile of the measured HSR channel.

quite common in a large number of HSR lines in China. A
typical scenario in the Guangzhou-Shenzhen dedicated high-
speed train line is shown in Fig. 1, including the geometric
description of the channel environment. The overhead line
poles are spaced 50 m apart to provide electricity along the
rail, and the nearest distance between the pole and the RX is
less than 1.5 m [6]. The TX mounted on the BS tower is high
and close to the track, so the LOS path typically dominates the
channel impulse response. The overhead line poles act as both
obstructions of the LOS path and as major static scatterers.

III. MEASUREMENT RESULT

The Subspace Alternating Generalized Expectation-
maximization (SAGE) algorithm [7] is used to obtain
estimates of the multipath propagation components (MPCs)
from the measurements, and a geometrical cluster-based
scatterer detection method [8] is used to classify different
kinds of paths. In order to study the influence of poles, we
only analyze the LOS subset and pole scattering (PS) subset
of the MPCs as given by the classifier. Fig. 2 shows the two
kinds of classified MPCs in the distance-delay-power profile,
LOS paths are the black lines with shortest delay for each
measurement distance, and PS paths are the blue lines, which
are caused by the poles along the rail.
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Fig. 3. The LOS path gain along the rail.

A. LOS path Amplitude
Fig. 3 shows that the amplitude of the LOS path can be seen

as a distance-decaying part with the addition of a fading, while
the fading varies periodically along the distance, which can be
modeled with its first and second order harmonic components.
Compared to the conventional power law, a new LOS model
with periodic fading is proposed as below,

AL(t) = Aref,L − 10nL log10 (d(t)/dref,L) + SL(d(t)), (1)

SL(d(t)) =a1(d(t)) + a2(d(t)) · sin(ωd(t) + Ψ2)

+ a3(d(t)) · sin(2ωd(t) + Ψ3),
(2)

where d(t) is the propagation distance of the LOS path at time
t, Aref,L is the power gain at a reference distance dref,L, nL
is the path loss exponent, SL(d(t)) is the large scale fading,
where ai has a lognormal distribution with variance σ2

L,i, a1

relates to the static part of fading, a2 and a3 relate to the
periodic part of the fading, ω is the fluctuation frequency of
the LOS obstruction, and Ψi is the phase offset.

Fig. 3 shows the measured LOS path gain variation with
different distances between TX and RX. The black curve is
based on a conventional power law with SL(d(t)) equating 0.
The red dotted-line is obtained by the new LOS model (2).
It can be clearly seen that the most samples generated by the
new periodic fading model match well with measurement data.

In the new LOS model, the large scale fading SL(d(t)) is
divided into three independent fading processes with correlated
characteristics based on physical fading sources. The first
fading part is from, e.g., surrounding trees and buildings. As
for the periodic parameters ω in part two and part three, the
estimated parameter is ω = 2π × 0.02 rad/m. Since the
distance dp−p between adjacent poles is 50 m, the value of
the periodic parameter corresponds to

ω =
2π

dp−p
, (3)

representing the periodic fading characteristics of the poles.
The value of Ψi is in general uniformly distributed between 0
and 2π, but is in Fig. 3 optimized to achieve a good fit with
the measured data, resulting in Ψ2 = 5.40 rad, Ψ3 = 2.76
rad. The distance dependent autocorrelation function of each
part could be calculated as

ri(∆d) = E[ai(d)ai(d+ ∆d)], (4)
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Fig. 4. Distance based autocorrelation for the different fading components
in (2).

where ∆d is the distance between two positions. There are
two functions often used in the literature to describe the auto-
correlation function ri(∆d), function (5) assumes a Gaussian
decay [9], and function (6) used in 802.16J [10] assumes an
exponential decay. We choose the better function for each part
based on our data analysis as

rL,i(∆d) =

 σ2
S,ie

− ln 2

d2
L,i

(∆d)2

, i = 1, (5)

σ2
S,ie

− ln 2
dL,i

(∆d)
, i = {2, 3}, (6)

where dL,i is the de-correlation distance. Fig. 4 shows the
empirical autocorrelation function of the different independent
fading components in (2) together with the best fit models.

B. Pole Scattering Amplitude

The PS model consists of two parts, the path loss from BS to
the pole (B2P) and the path loss from pole to receiver (P2R).
The propagation between the BS and the pole can be modeled
as LOS since the BS can almost always “see” the poles, while
the P2R part models the scattering mechanism. The PS model
is expressed as

AP,k(t) = Gk +AP,0(dk(t)), (7)

where AP,k(t) is the power gain of the signal from the kth

pole, Gk is the decay factor of the kth pole generated by B2P
model, which is expressed as

Gk(dP,k) = Aref,P − 10nk log10 (dP,k/dref,P ) + SP (dP,k),
(8)

where dP,k is the distance between the BS and the kth pole,
Aref,P is the power gain at a reference distance dref,P , nk
is the path loss exponent, and SP (dP,k) is the large scale
fading for the kth pole, which is also modeled as a dynamic
process with correlated characteristics. Based on the regression
analysis we choose an exponential autocorrelation function
[10],

rP (∆d) = σ2
P e

− ln 2
dP

(∆d)
, (9)

where dP is the de-correlation distance and σ2
P is the variance

of the lognormal fading.
As depicted in Fig. 1, the rail is regarded as the X-axis and

the positive direction is the same as the train moving direction.
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Fig. 5. The scattering path gain from the pole.
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Fig. 6. The PS path gain along the rail.

The vertical distance between the pole and rail is 1.5 m. xk is
the projection of the kth pole in the axis, x(t) is the position
of RX at time t, and the distance in P2R model is defined as
dk(t) = xk−x(t). Hence, AP,0(dk(t)) is the scattering factor
modeled as

AP,0 =

{
− 10np,1 log10 (dk(t)/db), db < dk(t) 6 dm

− np,2dk(t) + β, dl 6 dk(t) 6 db,
(10)

where dm and dl are the effective ranges as the poles mainly
affect the RX in the vicinity of them, db is the distance between
the peak position and the projection of the pole. np,i are the
estimated values of path loss exponents, and β = np,2db.

Fig. 5 depicts the normalized gain for all the poles in the
measured region, and the red solid lines represent minimum
root mean square error (RMSE) parameter estimates based
on (10). When the RX comes close to the pole, the gain
gradually increases with the decreasing propagation distance
until a peak value, then decreases quite rapidly because of a
large scattering angle, resulting that the receiver gets a weak
scattering component. After the receiver has passed a pole,
we would expect some diffracted paths. But when the receiver
goes further and beyond certain effective range, the path gain
becomes weak and is neglected in our model. Fig. 6 depicts
the gain decay of the B2P model as a black curve and one
sample generated by new PS model as a red curve, as seen
the result matches well with the measurement data.



TABLE II
MODEL PARAMETERS

Parameters LOS PS

φX (rad) U(0, 2π) U(0, 2π)

Aref,X (dB) −86.46 −92.67
nL/nk 3.88 3.00

dref,X (m) 215.7 215.7

dL,i/dP (m) 56, 300, 330 200

dp−p, db, dm, dl (m) / 50, 5, 150,−10
np,1, np,2 / 1.50,−1.80
σ2
L,i/σ

2
P (dB2) 0.9, 12.7, 3.0 20.6

X = {LOS, PS} and i = {1, 2, 3}.

IV. MODEL OUTLINE AND SIMULATION RESULTS

The general dynamic model consists of a LOS part and a
PS part, and the channel impulse response is expressed as

h(t, τ) =aLOS(t)ei
2π
λ c·τLOS(t)+iφLOSδ(τ − τLOS(t))

+

K∑
k=1

aP,k(t)ei
2π
λ c·τP,k(t)+iφP,kδ(τ − τP,k(t)),

(11)
where aX(t), τX(t) are the amplitudes, the delays of the
respective MPCs at instant t. Furthermore, λ is the wave length
and φX is the additive phase offset, assumed to be uniformly
distributed without depending on t. The model parameters are
listed in Table II.

The red curve in Fig. 7 shows one sample of the power gain
generated by the new model with parameters as above. For
comparison, we also include a sample generated with Lee’s
model [11], which contains a LOS path with a shadowing
process, and scattering paths from a nearby circle, without
the effect of poles along the rail. Obviously, our proposed
model has a periodic characteristic and fits better with the
measurement data. Fig. 8 shows one sample result of CDF
plot of the root mean square (RMS) delay spread from the
new model as a red line. The outcome of Lee’s model depends
largely on a choice of the scattering radius, and most of the
values degrades the performance. Hence, it is better to model
the channel according to the physical environments as our
proposed model.

V. CONCLUSION

In this letter, we propose a dynamic channel model con-
sisting of a LOS part and a pole scattering part for HSR
communication based on measurements. The model focuses
on the influence of overhead line poles along the rail, which
block the LOS path periodically and act as static and periodic
scatterers. The model behavior is demonstrated by simulations
showing that the proposed model works well. The poles as
special construction elements should be considered in channel
modeling for HSR. Further studies should also consider the
surrounding environment along the rail such as mountains,
forests and large buildings.
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Fig. 7. Example plot of the gain along the rail.
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Fig. 8. Example plot of the RMS delay spread along the rail.
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