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Abstract. This paper presents the analysis of Ricean
K-factor for wideband high-speed railway channels at
2.35 GHz, based on radio channel measurements under
viaduct and U-shape cutting scenarios. We characterize the
K-factor from the perspective of narrowband, wideband and
delay, according to the measured channel responses. The
time-frequency varying narrowband K-factors in two scenar-
ios are analyzed and compared. A distance-based statistical
narrowband K-factor model that covers the frequency vari-
ability is proposed. Then, the channel bandwidth dependent
property of the wideband K-factor is investigated and we es-
tablish a simple bandwidth-based wideband K-factor model.
Moreover, the K-factor for each delay bin is discussed. These
results are provided for use in wireless system design and
channel modeling of high-speed railway.
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1. Introduction
In recent years, train-ground wireless communications

have become a much-discussed topic with the rapid and
tremendous development of high-speed railway (HSR). In
order to accommodate the growing demands for communi-
cation data services, International Union of Railways (UIC)
has confirmed that the existing railway control system,
Global System for Mobile Communication Railway (GSM-
R), will be evolved smoothly into the wideband commu-
nication system, Long-Term Evolution for Railway (LTE-
R). The accurate knowledge of radio wave propagation and
channel fading property is the basis of the communication
network design. On the one hand, network deployment
needs the radio wave propagation model to perform cover-
age prediction and interference analysis, on the other hand,
system evaluation requires the channel fading model to ac-
complish performance simulation and algorithm verification.
As we know, channel sounding is the most straightforward
method to obtain the propagation and fading characteristics.

Therefore, the channel measurement in realistic scenarios is
the significant prerequisite for researches on HSR communi-
cations [1].

The wireless fading signal in HSR environments is
commonly assumed to follow the Ricean distribution, due
to the frequent presence of the line-of-sight (LOS) situa-
tion. Ricean K-factor is a popular parameter to quantify the
channel fading severity, which is defined as the power ratio
of LOS components to multipath components. An accurate
characterization of the K-factor is useful for the system de-
sign such as link budget calculation, adaptive receiver de-
sign and optimal loading for transmit diversity. Besides, it is
also particularly important for the radio channel modeling.
Hence, the K-factor for HSR channels needs to be deeply
analyzed.

However, researches on the K-factor under HSR cir-
cumstances are lacking. The WINNER II D2a model [2]
provides a K-factor model for HSR channel simulations,
whereas it is not based on measurement results derived from
the realistic HSR environment. Extensive channel measure-
ments using the GSM-R excitation signal at 930 MHz have
been taken along the Zhengzhou-Xi’an (ZX) HSR in China
[3] [4]. The narrowband K-factor in the viaduct and U-
shape cutting scenario has been analyzed. It shows strong
dependence on the viaduct height and the cutting width.
The wideband K-factor results for HSR plain scenarios at
2.1 GHz are briefly reported in [5], which is based on chan-
nel measurements performed by the Wideband Code Divi-
sion Multiple Access (WCDMA) dedicated cellular network.
Authors in [1] first conducted the wideband measurement
using a standard channel sounder on Beijing-Tianjin (BT)
HSR in China under a viaduct at 2.35 GHz and established
a position-based wideband K-factor model. The measured
viaduct belongs to a relatively ideal HSR scenario with the
open and clear propagation condition. However, there is an-
other common viaduct scenario that has some scatterers such
as trees and buildings needing to be concerned more [6]. In
addition, the property of the K-factor in the indoor part of
high-speed train has been statistically analyzed in [7].

Owing to the limitation of measurement methods or the
deficiency of experimental data, the K-factor characteristics
for HSR scenarios still have not got a comprehensive under-



RADIOENGINEERING, VOL. 23, NO. 2, JUNE 2014 579

standing, e.g., the variation of the K-factor over frequency
and the bandwidth dependent property of the K-factor. On
the other hand, the K-factor models proposed in previous
literatures are just related to either the narrowband or the
wideband K-factor. As we know, the former is employed by
geometry based statistical model (GBSM) applied to system
level simulations, while the latter is used in tap delay line
(TDL) or cluster delay line (CDL) based model developed
for system conformance tests. Thus, both types of the K-
factor need to be considered. The primary contribution of
this paper is to characterize the K-factor for HSR channels
based on the measurement data collected in two typical sce-
narios on ZX line, viaduct and U-shape cutting. Variations
of the narrowband K-factor over time and frequency are ana-
lyzed and compared in the scenarios. We develop a distance-
based statistical model covering the frequency variability.
Then, the wideband K-factor with regard to various chan-
nel bandwidths is investigated and a simple bandwidth-based
model is proposed. In addition, the K-factor for each delay
bin is discussed. These results will provide required infor-
mation for the system design and channel modeling of the
future LTE-R.

The remainder of this paper is organized as follows. In
Section 2, we describe the measurement campaigns. Then,
the method of extracting the K-factors is provided in Sec-
tion 3. After that, Section 4 presents the data analysis and
results. Finally, the conclusion is drawn in Section 5.

2. Measurement Description

2.1 Measurement System
Elektrobit Propsound [8], a standard wideband radio

channel sounder, is employed in ZX HSR measurements.
The measurement link from base station (BS) to relay sta-
tion (RS) whose antenna (HUBER+SUHNER [9]) is placed
on the top of the train has been set up. At the transmitter
(Tx), a pseudo-noise (PN) sequence is periodically transmit-
ted by a vertical-polarized dipole antenna. The chosen mea-
surement frequency band is between 2.3 and 2.4 GHz, which
has been allocated to the LTE dedicated network for railway
coverage. At the receiver (Rx), the channel impulse response
(CIR) is recovered by correlating the received excitation sig-
nal with a sequence copy identical to the one used at the
Tx. The synchronization between the Tx and Rx employs
the external GPS clock source instead of the local rubidium
clock, which ensures the measurement efficiency and accu-
racy. Meanwhile, the real-time information of the train po-
sition and velocity is recorded by the GPS equipment. The
specific measurement configuration is shown in Tab. 1.

2.2 Measurement Scenario
Viaduct and U-shape cutting are the two typical HSR

scenarios which make up the most parts of ZX line. The

measured scenarios and corresponding surroundings are
shown in Fig. 1 and Fig. 2, respectively. From Fig. 1, there
are two main categories in classification of local scatterers
being around the viaduct as follows: short sparse trees and
high dense trees. The latter is much higher than the sur-
face of the train roof. Especially, the small antenna height
difference between the Tx and Rx is employed in our exper-
iments, which could cause the instantaneous and alternating
shadowing between the Tx and Rx. Such a viaduct scenario
leads to a worse propagation environment compared with the
one measured in [1]. However, it is more realistic because
passengers who expect to access cellular networks may of-
ten suffer from this kind of shadowing. The U-shape cutting
is a unique HSR scenario that has the semi-closed structure
covered with lots of vegetation, as shown in Fig. 2. It be-
longs to one type of deep cutting because the train rooftop
antenna is lower than steep walls on both sides of the rail-
way [6]. In this case, the Rx will receive rich reflecting and
scattering waves introduced by the two slopes. In addition,
a bridge spanning the cutting will block the radio waves in
a short distance.

(a)

(b)
Fig. 1. The measured viaduct scenario and surrounding; (a) the

propagation scenario, (b) photo of surrounding.

(a)

(b)
Fig. 2. The measured U-shape cutting scenario and surrounding;

(a) the propagation scenario, (b) photo of surrounding.
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Scenario Viaduct U-shape Cutting
Center frequency 2.35 GHz 2.35 GHz

Tx power 30.8 dBm 32.7 dBm
PN length 127 127
Chip rate 25 Mcps 25 Mcps

Measurement bandwidth 50 MHz 50 MHz
Channel sample rate 1968.5 Hz 1968.5 Hz

Antenna number 1×1 1×1
Tx antenna height 12.8 m 13.8 m
Rx antenna height 11 m 3 m

Averaged train velocity 200 km/h 200 km/h

Tab. 1. Measurement Parameters.

3. Extraction of Ricean K-Factor
The raw CIRs collected by Propsound cannot be di-

rectly used to extract the K-factor, due to the impact of sys-
tem errors, noise components, and large-scale fading effect.
In this section, we will introduce how to remove the three un-
favorable factors from the measured data, and then we will
show how the narrowband and wideband K-factor can be es-
timated.

3.1 Data Processing
Ideal wideband channel sounders should have no fre-

quency selectivity over the entire measurement bandwidth
to ensure the purity of the measured CIRs. However, it
is impossible to achieve in practice because of the imper-
fect pulse-compression property between the transmit and
receive filter [10], which can be represented as

PT x ( f ) ·PRx ( f ) 6= 1 (1)

where PT x ( f ) and PRx ( f ) denote transfer functions of the
transmit and receive filter, respectively. To eliminate the
pulse-compression error, the raw channel data need to be
compensated according to

Hc (t, f ) =
Hr (t, f )

PT x ( f ) ·PRx ( f )
(2)

where Hc (t, f ) denotes the calibrated channel frequency re-
sponse (CFR), which also can be transformed into CIR by
IFFT.

Generally, the measured CIRs combine both effective
multipath components and non-effective noise components.
In order to ensure the estimation accuracy of the K-factor,
we should isolate the multipath components from the data
depending on a reasonable threshold. With the variation of
SNR during the measurements, the noise floor of CIRs will
be changed continuously. If the threshold is fixed, the de-
cision of multipath components could be incorrect. In this
paper, we rely on a dynamic noise floor identification ap-
proach [11] to deal with the CIRs. When the power of CIR
tap is lower than the threshold, it will be set to zero.

Because the K-factor is a parameter that characterizes
the channel small-scale fading, the effect of large-scale fad-

ing composed of path loss and shadowing should be removed
before estimating the K-factor. Here, the calibrated CIR is
normalized to its local root mean square (RMS) value, ex-
pressed as

hnorm (t,τ) = h(t,τ)/
√

Pa (t) (3)

where Pa (t) denotes the average power of CIR, which can
be calculated by a sliding window with the length of N ac-
cording to

Pa (t) =
1
N

N

∑
n=1

∫
τ

|hc (t,τ)|2dτ. (4)

N is recommended to 10 wavelengths with the distance of
1.28 m at 2.35 GHz [12].

3.2 K-Factors Estimation
Based on the processed channel data involving the

CIRs and the corresponding CFRs, both narrowband and
wideband K-factor can be estimated. Firstly, we need to
search for the strongest path in the CIRs, and shift it to the
origin. Then, the measured wideband channel could parti-
tion into multiple narrowband sub-channels according to

H (t,k∆ f ) =
∫

τ

hnorm (t,g∆τ)exp( j2π f τ)dτ (5)

where ∆τ and g are the measurable delay resolution and the
number of delay bins, respectively. k is the number of the
partitioned sub-channels, k = g−1. ∆ f is the bandwidth of
the sub-channel. A moment-based K-factor estimator [13]
can be used when ∆ f is narrower than the correlation band-
width of the actual channel. Thus, the narrowband K-factor
with different frequencies is obtained based on the CFRs of
each sub-channel according to

K̂n (t, fk) =

√
E2 (Pk)−Var (Pk)

E (Pk)−
√

E2 (Pk)−Var (Pk)
(6)

where E (·) and Var (·) denote the expectation and variance
of (·), respectively. fk is the frequency of the kth sub-
channel. Pk is the power of the CFR, which can be repre-
sented as

Pk = |H (t,k∆ f )|2. (7)

Furthermore, different sub-channels are able to com-
bine into the wideband channel with the optional bandwidth
of i∆ f , given as

h(t,L∆τi) =
∫

f
H (t, i∆ f )exp( j2π f τ)d f (8)

where i is the number of combined sub-channels, i ≤ k. ∆τi
and L are the delay resolution of the incorporate wideband
channel, ∆τi = 1/i∆ f , and the corresponding number of de-
lay bins, L = i+ 1, respectively. Similarly, we can acquire
the wideband K-factor with different bandwidths and differ-
ent delay bins based on the CIRs of each reconstructed wide-
band channel according to
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K̂w (t,τl) =

√
E2 (PL)−Var (PL)

E (PL)−
√

E2 (PL)−Var (PL)
(9)

where τl denotes the l th delay bin, PL is the power of the
CIR, which can be expressed as

PL = |h(t,L∆τi)|2. (10)

The aforementioned process of channel partitioning
and combining is shown in Fig. 3 when t = t0. Accord-
ing to computer simulations, we find that the delay spread of
the channel does not change in this process. But, the number
of identifiable delay bins decreases due to ∆τi > ∆τ. Also,
the K-factor will be different with the variation of delay res-
olution or channel bandwidth.
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Fig. 3. The process of channel partitioning and combining.

4. Data Analysis and Results
Based on the channel data collected on ZX HSR, the

2.35 GHz Ricean K-factor characteristics in the viaduct and
U-shape cutting scenarios are analyzed and compared. Ma-
jor results are presented in detail as follows.

4.1 Narrowband K-Factor
Since the LTE-R standard is OFDM based, the K-factor

for each sub-carrier channel needs to be studied. Also, the
narrowband K-factor is one of the most important parame-
ters in GBSM. Here, we focus on the narrowband K-factor
in the range of 20 MHz bandwidth. By (5), we divide the
measured channel into 253 sub-channels with 197.6 KHz
each. According to [14], the maximum delay spread for
typical urban models is 991 ns, corresponding to the mini-
mum correlation bandwidth of 200 kHz. It is obvious that
the LOS-dominant HSR channels have a higher correlation
bandwidth. Thus, it meets the requirement of (6). Then, we
extract the narrowband K-factor with the duration of 30 s
for 101 sub-channels from 2.34 to 2.36 GHz, as shown in
Fig. 4. High mobility in HSR scenarios is the reason that
results in the time-variant of the K-factor. Since the propa-
gation environment between the transmitter and the receiver
changes rapidly, the K-factor undergoes a great variation in
a short time. On the other hand, the wideband channel will

appear frequency selectivity due to the effect of a multipath.
The fading on each sub-channel is different, thus leading to
the K-factor variation over frequency. In fact, it is hard to
predict which frequency has the higher K-factor. Instead,
the K-factor at a certain time or location can be understood
intuitively according to the actual propagation conditions.
The effective approach to determine the “good” frequency
is based on field channel measurements. From Fig. 4(a), it
is noted that the K-factor at 2.34 – 2.346 GHz is higher than
that at other frequencies. This means 2.34 – 2.346 GHz is the
preferred frequency in our measured scenario. If we consider
the operating frequency for deployment of communication
systems, the 2.34 – 2.346 GHz may be the better choice than
other frequencies.

(a)

(b)
Fig. 4. The time-frequency varying narrowband K-factor; (a) the

viaduct scenario, (b) the U-shape cutting scenario.

In order to further analyze the time variability of the
narrowband K-factor, we first isolate the time-dependent
component of the K-factor, called Kt , which is computed
by averaging the K-factors on all sub-channels. Then, Kt is
transformed into the K-factor as a function of distance, ex-
pressed as Kd . Fig. 5 shows the narrowband K-factor against
the relative horizontal distance between the Tx and Rx (T-
R distance) in the two scenarios. From Fig. 5(a), we find
that the fading property in the viaduct scenario is apparently
changing as the train passes through the Tx from –800 to
800 m. When the T-R distance is about±500 m, the strength
of the K-factor could reach as high as 20 dB. Then, the K-
factor value drops gradually and fluctuates between -5 and
5 dB when the train arrives at the ±250 m region. The prop-
agation condition in this area can be regarded as non-line-of-
sight (NLOS) as the direct ray is completely obstructed by
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the high dense trees. Especially, when the train runs close to
the Tx, the K-factor has the medium strength that intensively
changes from 5 to 10 dB, rather than reaching at the peak like
the phenomenon in [1]. This is because the short sparse trees
partially block the fixed path, resulting in an obstructed-line-
of-sight (OLOS) propagation situation. Thus, the alternating
propagation environment including LOS, OLOS and NLOS
causes the fast fading variation in the case of the high mobil-
ity, which could affect the performance of wireless commu-
nication receivers.

Compared with the viaduct scenario, the U-shape cut-
ting scenario has a more stable fading variation, as shown in
Fig. 5(b). It is observed that the K-factor decreases over the
T-R distance. This is notably due to the strength of multi-
path components varying far less than the strength of spec-
ular components [15]. Moreover, the K-factor experiences
a precipitous decline and then rises again. This is because
the cross-bridge blocks the propagation path and causes a
temporal NLOS situation. We also find that although the U-
shape cutting is a LOS-dominant scenario, the K-factor in
such a scenario is lower than that in the viaduct LOS region.
The reason is that the special U-shape structure produces a
lot of reflecting and scattering waves that reduce the effect of
fixed components, whereas the viaduct unobstructed region
has the pure LOS propagation condition. Especially, there is
the similar K-factor result for the whole U-shape cutting ter-
rain and the viaduct OLOS region. Therefore, we infer that
the fading of the deep cutting scenario could be equivalent
to that of the partially obstructed viaduct scenario.

To characterize the narrowband K-factor over T-R dis-
tance, we perform the Gaussian function fitting using the
Least Squares (LS) method, as shown in Fig. 5 by blue lines.
For the viaduct scenario, three Gaussian functions are ap-
plied to the LOS and OLOS segments, and two juncture ar-
eas of the functions are represented for the NLOS segments.
For the U-shape cutting scenario, only one Gaussian func-
tion is employed. The temporal NLOS case is not consid-
ered. Hence, a distance-based statistical model is proposed
as

K′n,dB (d) = Kn,med (d)+ xσd (11)

where Kn,med (d) denotes the mean value of Kd , expressed by
the fitting function as follows:

Kn,med (d) =
M

∑
m=1

am exp

[
−
(

d−bm

cm

)2
]
, (12)

M is the amount of LOS and OLOS regions and m is the in-
dex, am denotes the peak value of the Gaussian function, bm
represents the relative horizontal distance between the spe-
cific propagation region and TX, cm is associated with the
region width, x is zero-mean Gaussian variable with the unit
standard deviation. σd denotes the standard deviation. In or-
der to acquire σd , we normalize the estimated Kd with the
median values given by (12), and then compute the cumu-
lative distribution function (CDF) of the median-normalized
K-factors on a probability scale as shown in Fig. 6(a) and (b).

It is known that the closeness to a straight line on this scale
implies a lognormal distribution. Thus, we obtain that the
corresponding standard deviations are 4.04 and 3.59 dB in
the viaduct and U-shape cutting scenarios, respectively.
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Fig. 5. The narrowband K-factor against T-R distance; (a) the

viaduct scenario, (b) the U-shape cutting scenario. The
positive distance means the train moves away from the
Tx, while negative distance means the train runs towards
the Tx. The divided LOS, OLOS, and NLOS segments
are also indicated.
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Type Narrowband K-factor model Wideband K-factor model
Parameter m am [dB] bm [m] cm [m] σd [dB] σ f [dB] p3 p2 p1 σb [dB]

1 13.8 -520.2 101.4
Viaduct 2 7.685 0.5103 86.42 4.04 2.87 -0.0107 0.5233 4.62 5.608

3 12.19 523.3 96.15
U-shape cutting 1 9.22 0.3612 519.5 3.59 2.41 -0.0082 0.4708 5.37 5.238

Tab. 2. Narrowband and wideband K-factor model coefficients for viaduct and U-shape cutting scenarios.
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In addition to the time variability of the narrowband
K-factor, the frequency variability also needs to be consid-
ered. The frequency-dependent component of the K-factor
is defined as K f . We subtract the corresponding Kt from the
K-factors on all sub-channels, and then combine all the data
together in a common group. Fig. 6(c) and (d) show the
CDFs of K f about the mean values. It can be found that
the cumulative probability between 1 % and 99 % is approx-
imately close to a straight line. This confirms the lognormal
property of the frequency-dependent K-factor. The slopes of
the straight lines indicate the corresponding standard devia-
tion (expressed as σ f ) of 2.87 dB and 2.41 dB for the viaduct
and cutting scenarios, respectively. According to the sim-
ilar standard deviations, we conclude that the narrowband
K-factor in the obstructed viaduct and deep cutting scenario
has the parallel frequency variability.
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Fig. 9. The delay K-factor against T-R distance. (a) The viaduct
scenario. (b) The U-shape cutting scenario.

Finally, the narrowband K-factor model considering
both the time and frequency variability for the measured
HSR channels at 2.34 – 2.36 GHz is written as

Kn,dB (d) = Kn,med (d)+ xσd + yσ f (13)

where y is the zero-mean Gaussian variable with the unit
standard deviation and is independent with x. Tab. 2 lists
the narrowband K-factor model coefficients.

4.2 Wideband K-Factor
The wideband K-factor is regarded as a parameter of

the strongest path for the LOS condition in TDL/CDL based
channel models. In this section, we no longer discuss its
time-frequency variability the same as the narrowband K-
factor. Instead, our aim is to learn the channel bandwidth
dependent property of the wideband K-factor.

According to the combination of 7 and 100 sub-
channels, the CIRs with 1.4 and 20 MHz bandwidths can be
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acquired by (6), respectively. Then, we estimate the wide-
band K-factor for the first delay bin by (7), and compute the
CDFs as shown in Fig. 7. It is seen from the fitting results
that the distributions of the K-factor with both bandwidths
in the two scenarios are very nearly Gaussian. The median
of the 20 MHz K-factor is higher than that of the 1.4 MHz
K-factor. There are more NLOS sub-paths separating from
the fixed path due to the higher channel bandwidth. In this
case, the reduction of power of scattering components in the
first delay bin causes the stronger wideband K-factor.

In order to investigate the bandwidth-dependent prop-
erty, we consider the wideband K-factor with multiple band-
widths. Here, the chosen bandwidths are the same as LTE
system bandwidths, i.e., [1.4, 3, 5, 10, 15, 18, 20] MHz. In
Fig. 8, the median of the wideband K-factor as a function of
channel bandwidth is plotted. It is obvious that the median
increases with the channel bandwidth. And there are simi-
lar changing tendencies for the two scenarios. The median
in the cutting environment is a little higher than that in the
viaduct environment. Moreover, we find that it has a linear
rise in the range of 1.4 – 10 MHz, while the rising tendency
is gradually slowing between 10 and 20 MHz. Therefore,
we employ a polynomial function to fit the median. Then we
establish a wideband K-factor statistical model composed of
a bandwidth-based median and a standard deviation that de-
scribes the K-factor variation, expressed as

Kw,dB (b) = Kw,med (b)+ zσb (14)

where

Kw,med (b) = p3b2 + p2b+ p1, (15)

b is the bandwidth in MHz, y is the zero-mean Gaussian vari-
able with the unit standard deviation. The wideband K-factor
model coefficients are also listed in Tab. 2.

4.3 Delay K-Factor
As we know, the TDL/CDL model for terrestrial cel-

lular channels commonly considers the K-factor of the
strongest path, and ignores that of the other paths. How-
ever, it is reported in [1] that in HSR viaduct propagation
environments, the K-factor is not simply confined in the
first LOS path, but exists in the second and third resolvable
NLOS paths. Hence, we expect to recognize whether this
phenomenon appears in our measured viaduct and U-shape
cutting scenarios.

Fig. 9 illustrates the delay-varying K-factor at 20 ns
intervals over the T-R distance. Note that the extracted K-
factor is based on the channel data without removing the
noise components. Here, we neglect the K-factor below 0 dB
because it is not obtained by the effective multipath compo-
nents. It can be seen that the strongest K-factor always oc-
curs at the beginning of the delay bins in both scenarios. This
is because the LOS ray is always the first one that arrives at
the receiver in the measured scenarios, and it has the most

obvious fixed component among arriving waves, which can
give rise to the large K-factor. We can also find that there
exists a strong K-factor up to 5 – 10 dB around the delay of
about 140 ns when the train arrives at the LOS region in the
viaduct scenario, as shown in Fig. 9(a). This confirms that in
addition to the LOS path, the dominating component could
exist in the NLOS paths. This result is consistent with that in
reference [1] where the K-factor of the first resolvable NLOS
path is modeled by a normal distribution. The mean value is
5.9 dB with a standard deviation of 1.7 dB.

However, there is no apparent K-factor existing in other
delay bins for the obstructed viaduct regions and the whole
U-shape cutting terrain. This is due to the stronger power
of the reflecting and scattering components in these environ-
ments. In this case, the power of the specular component in
the NLOS path seems not strong enough compared with that
of the other reflecting and scattering components, which will
cause a very low K-factor that can be ignored. Thus, we can
conclude that the K-factor in other delay bins needs to be
concerned only if the train is under the strong LOS but rare
reflection and scatter situation, such as the open and clear
viaduct environment.

5. Conclusion
In this paper, we have presented the measurements and

analysis of the short-term fading behavior in the typical HSR
scenarios, focusing on the Ricean K-factor of the wideband
radio channel. The results of the K-factor from narrowband,
wideband and delay aspects have been reported. The narrow-
band K-factors with the strong variations over the time and
frequency in the two scenarios are characterized and com-
pared. It shows that the fading of the deep U-shape cutting
scenario could be similar to that of the viaduct scenario with
partial shadowing. And we establish a distance-based statis-
tical model that takes the frequency variability into account
to predict the narrowband K-factor on different carrier fre-
quencies and train positions. Then, we analyze the wideband
K-factor with various channel bandwidths, whose median
shows the increasing tendency over the bandwidth. Also,
a simple bandwidth-based wideband K-factor model is pro-
posed. Furthermore, according to the delay K-factor result,
we conclude that the obstructed viaduct and deep U-shape
cutting scenarios, unlike the open and clear viaduct environ-
ment, have no obvious K-factor exists in the other resolvable
NLOS paths. The analysis results will be applicable to the
design of future HSR communication systems and the mod-
eling of HSR channels.
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