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Abstract
Channel modeling and its simulation methods are challenging aspects in the
design of high-speed railway mobile communication systems, while existing re-
search on IMT-A time-varying channel modeling for high-mobility scenarios
remains insufficient. To address these challenges, a modeling approach based
on IMT-A channels with time-varying parameters under high-speed railway mo-
bility is proposed. First, for the urban macrocell scenario of IMT-A, a Markov
process is designed to simulate the temporal variation in the number of clusters,
followed by the derivation of expressions for channel parameters that vary with
time, including cluster delay, power, angle of departure, and angle of arrival, and
the channel impulse response is obtained; second, the time-varying space-time
cross-correlation function, time-varying autocorrelation function, and station-
arity interval of the channel are analyzed; finally, the statistical properties of
the proposed channel model are simulated, verifying that the model exhibits
time-varying characteristics and that high-speed railway channels possess non-
stationarity, and demonstrating the feasibility of using the proposed channel
model to simulate high-speed railway channels.
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Abstract: Channel modeling and its simulation method represent a critical
challenge in the design of high-speed railway mobile communication systems.
Meanwhile, existing research on IMT-A time-varying channel modeling for high-
speed mobility scenarios remains inadequate. To address these challenges, this
paper proposes a modeling approach based on the IMT-A channel with time-
varying parameters for high-speed train environments. First, for the urban
macro-cell (UMA) scenario of IMT-A, we design a Markov process to simulate
the temporal evolution of cluster numbers, then derive expressions for time-
varying channel parameters including cluster delays, powers, angles of depar-
ture (AoD), and angles of arrival (AoA), and obtain the channel impulse re-
sponse (CIR). Second, we analyze the time-varying space-time cross-correlation
function (CCF), time-varying auto-correlation function (ACF), and stationary
interval of the channel. Finally, simulations of the statistical properties of the
proposed channel model verify its time-varying nature and the non-stationarity
characteristic of high-speed railway channels, demonstrating the feasibility of
using the proposed model to simulate high-speed railway channels.

Keywords: high-speed mobile communication; channel modeling; time-varying
parameters; Markov process; non-stationarity

0 Introduction
In recent years, with the development of high-speed railways, passengers have
increasingly demanded high-quality, high-rate data and multimedia communica-
tion services. However, existing wireless communication technologies still cannot
meet the quality requirements for multimedia communication on trains operat-
ing at speeds above 300 km/h. As is well known, the channel forms the founda-
tion of any communication system, and its model and simulation method play a
crucial role in designing communication systems for specific scenarios. Currently,
standardized channel models for high-speed railway scenarios mainly include
IMT-Advanced (IMT-A) [1] and WINNER II channel models, both of which
assume wide-sense stationary (WSS) channels and ignore their non-stationary
characteristics. Channel measurement results in [2] show that standard channel
models exhibit significantly longer stationary intervals (defined as the maximum
duration during which the channel satisfies WSS conditions) compared to actual
measured high-speed railway channels, while the WSS assumption is only valid
for short time intervals in real wireless channels. In summary, conventional
stationary channel modeling approaches for high-speed railway channels face
increasingly severe challenges.

Extensive research has been conducted domestically and internationally on chan-
nel modeling for high-speed railway mobile communication scenarios, particu-
larly regarding non-geometrical stochastic models (NGSM). Reference [3] pro-
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posed an NGSM for high-speed railway wireless communication based on finite-
state Markov chains, using Markov chains to characterize the birth-death prop-
erties of moving clusters (MC). The proposed model can track channel state
variations across different received SNR intervals using Markov chains, thereby
capturing the time-varying characteristics of high-speed railway wireless chan-
nels. However, the non-stationary statistical properties of this model are diffi-
cult to derive analytically. Additionally, reference [4] proposed a non-stationary
vehicle-to-vehicle channel model based on NGSM. Based on high-speed railway
channel measurement data from viaduct and narrow corridor scenarios, reference
[5] proposed a finite-state Markov channel model. The results demonstrate that
the Rice distribution effectively characterizes the small-scale fading amplitude
in both high-speed railway scenarios, and NGSM can effectively capture the
dynamic nature of fast fading in high-speed railway channels. However, among
existing NGSM research methods, there is currently no modeling approach for
IMT-A time-varying channels. Therefore, to improve and complete the theo-
retical framework of high-speed railway wireless channel modeling, research on
channel modeling methods suitable for high-speed railway mobile communica-
tion scenarios holds significant practical value.

Consequently, this paper proposes an IMT-A-based channel modeling method
with time-varying parameters—including cluster numbers, powers, delays, an-
gles of departure (AoD), and angles of arrival (AoA)—for NGSM scenarios in
high-speed railway mobile communication. First, we theoretically analyze im-
portant statistical properties of the proposed model, including local space cross-
correlation function (CCF), local time auto-correlation function (ACF), and
stationary interval. Second, MATLAB simulations verify the non-stationary na-
ture of the channel model, thereby confirming the correctness of the theoretical
analysis and derivations.

1 IMT-A Based Channel Modeling
In high-mobility environments, the rapid movement of observable moving clus-
ters (MC) or mobile stations (MS) may violate the aforementioned WSS assump-
tion. Under these conditions, we propose an IMT-A-based channel modeling
approach with time-varying parameters. The geometric schematic diagram is
shown in [Figure 1: see original paper], and the channel impulse response (CIR)
can be expressed as

ℎ(𝑡, 𝜏) =
𝑃(𝑡)
∑
𝑝=1

ℎ𝑝(𝑡)𝛿(𝜏 − 𝜏𝑝(𝑡))

where
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ℎ𝑝(𝑡) = √𝑃𝑝(𝑡)
𝑄

𝑄
∑
𝑞=1

exp (𝑗Φ𝑝𝑞)×exp (𝑗2𝜋
𝜆 (𝑘𝑇 (𝛼𝑇

𝑝𝑞(𝑡)) ⋅ 𝑣𝑀𝑆 + 𝑘𝑅(𝛼𝑅
𝑝𝑞(𝑡)) ⋅ 𝑣𝑀𝐶) 𝑡)

Here, 𝑃(𝑡) represents the number of clusters at time 𝑡, 𝜏𝑝(𝑡) denotes the delay
of the 𝑝-th cluster, 𝑃𝑝(𝑡) is the power of the 𝑝-th cluster, 𝑄 is the number of sub-
paths within each cluster, Φ𝑝𝑞 is the random initial phase uniformly distributed
in [0, 2𝜋), 𝜆 is the wavelength, 𝑘𝑇 (𝛼𝑇

𝑝𝑞(𝑡)) and 𝑘𝑅(𝛼𝑅
𝑝𝑞(𝑡)) are the wave vectors

for the 𝑞-th sub-path within the 𝑝-th cluster at the transmitter and receiver
respectively, and 𝑣𝑀𝑆 and 𝑣𝑀𝐶 represent the velocity vectors of the MS and
MC respectively.

Due to the movement of MS and/or MC, the channel model parameters need to
be expressed using appropriate time-varying functions. The time-varying AoD
𝛼𝑇

𝑝𝑞(𝑡) and AoA 𝛼𝑅
𝑝𝑞(𝑡) can be expressed as

𝛼𝑇
𝑝𝑞(𝑡) = 𝛼𝑇 0

𝑝𝑞 (𝑡) + Δ𝛼𝑇
𝑝𝑞(𝑡)

𝛼𝑅
𝑝𝑞(𝑡) = 𝛼𝑅0

𝑝𝑞 (𝑡) + Δ𝛼𝑅
𝑝𝑞(𝑡)

where 𝛼𝑇 0
𝑝𝑞 (𝑡) and 𝛼𝑅0

𝑝𝑞 (𝑡) represent the initial AoD and initial AoA respectively,
while Δ𝛼𝑇

𝑝𝑞(𝑡) and Δ𝛼𝑅
𝑝𝑞(𝑡) denote the AoD offset and AoA offset. The subscripts

𝑝 and 𝑞 indicate the AoD and AoA associated with the 𝑞-th sub-path within the
𝑝-th path in the wideband channel.

The schematic diagram in [Figure 1: see original paper] illustrates the time-
varying parameters for IMT-A channel modeling. Based on the movement di-
rections of 𝑀𝐶1, 𝑀𝐶2, and the MS, the distances between the BS, MC, and
MS will vary with time 𝑡. By considering the concept of relative velocities, we
can assume that the MS moves only relative to 𝑀𝐶1. After obtaining the dis-
tances from channel measurements, the time-varying distances at time 𝑡 can be
expressed by equations (3), (4), and (5). The channel parameter definitions in
[Figure 1: see original paper] are provided in .

To derive the required time-varying angular parameters, we define four auxiliary
angles to further simplify the expressions. It should be noted that in the diagram,
only the LoS path and the 𝑝-th scattering propagation path are shown. As
an example, cluster 𝑀𝐶1 and cluster 𝑀𝐶2 correspond to the first and last
bounce clusters of the 𝑝-th scattering path respectively. If 𝑀𝐶1 and/or 𝑀𝐶2
are stationary, their velocities can be set to zero, which does not affect the
generation process of time-varying channel parameters in this IMT-A based
channel modeling.

chinarxiv.org/items/chinaxiv-201805.00261 Machine Translation

https://chinarxiv.org/items/chinaxiv-201805.00261


Based on the above description, the implementation of channel parameters for
the IMT-A based channel modeling can be obtained through the following steps,
as illustrated in [Figure 2: see original paper].

2.1 Generation of Time-Varying Clusters
In high-speed railway mobile communication scenarios, the propagation envi-
ronment between the MS and BS changes as the MS moves. Additionally, the
movement of mobile scatterers within the environment also impacts the propa-
gation environment. Consequently, during travel, some paths disappear while
new paths emerge. Reference [6] proposed a birth-death process modeling ap-
proach for moving clusters. In time-varying scenarios, clusters are considered to
exist only within specific time intervals. Over time, new clusters appear (birth),
persist for a certain duration (survival), and eventually disappear (death). It
should be noted that the time-varying clusters assume a multipath channel, but
unlike traditional channels, the number of paths 𝑃 in this multipath channel
varies with time, and its state transitions are continuous, which aligns with the
continuous state transition behavior of Markov processes.

Therefore, based on the cluster generation and recombination process, the chan-
nel fluctuations caused by the movement of 𝑀𝐶1 and the movement of 𝑀𝐶2
within the time interval between 𝑡𝑘−1 and 𝑡𝑘 can be represented. By observing
the time series of this CIR, each cluster maintains a survival probability 𝑅𝑀𝐶
from one CIR at time 𝑡𝑘−1 to the subsequent CIR at time 𝑡𝑘. Thus, the expected
number of new clusters generated through the Markov process is

𝐸{𝑃𝑛𝑒𝑤} = 1 − 𝑒−(𝜌1+𝜌2)𝜀

where 𝜌1 and 𝜌2 are the cluster generation rate and recombination rate respec-
tively, and 𝜀 is the time interval. The correlation between two clusters after
evolution is quantified by 𝑅𝑀𝐶 . Higher values of 𝑅𝑀𝐶 lead to lower correlation
between the attributes of ancestor clusters at time 𝑡𝑘−1 and their descendant
clusters at time 𝑡𝑘.

In the NLoS urban macro-cell (UMA) scenario, we assume that the number of
clusters changes according to a Markov process, and each change only considers
transitions between adjacent state values. Based on the above considerations,
we conduct MATLAB simulations of the Markov birth-death process with the
following parameters: 𝑃(𝑡0) = 18, 𝜌1 = 0.6/𝑚, 𝜌2 = 0.03/𝑚, 𝑣𝑀𝑆 = 60𝑚/𝑠,
𝑣1 = 15𝑚/𝑠, 𝑣𝑃 = 5𝑚/𝑠, and 𝑅𝑀𝐶 = 0.3. The resulting distribution of time-
varying cluster numbers is shown in [Figure 3: see original paper].

As observed in [Figure 3: see original paper], the initial number of clusters is
18, and this number changes over time, with five possible cases: 16, 17, 18, 19,
and 20 clusters.
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2.2 Time-Varying Delay
As 𝑀𝐶1, 𝑀𝐶2, and the MS move, the propagation distance of the 𝑝-th cluster
becomes time-varying. The time-varying delay 𝜏𝑝(𝑡) is calculated as follows:

𝜏𝑝(𝑡) = 𝐷𝐵𝑆(𝑡) + 𝐷𝑀𝑆(𝑡)
𝑐 + 𝜏 ′

𝑝(𝑡)

where 𝑐 is the speed of light, 𝐷𝐵𝑆(𝑡) and 𝐷𝑀𝑆(𝑡) represent the distance changes
caused by the movement of the MS and MC, and 𝜏 ′

𝑝(𝑡) is the delay of the virtual
link between 𝑀𝐶1 and 𝑀𝐶2 [8], which can be calculated using a first-order
filtering algorithm at time 𝑡𝑘 [9]:

𝜏 ′
𝑝(𝑡𝑘) = 𝜏 ′

𝑝(𝑡𝑘−1) + 𝜅 (𝜏0
𝑝 (𝑡𝑘) − 𝜏 ′

𝑝(𝑡𝑘−1))

where 𝜅 follows a Γ(1, 1) distribution, Γ is a parameter depending on the coher-
ence of the virtual link and scenario, and 𝜏𝑚𝑎𝑥 is the maximum delay obtainable
from [1] (e.g., 𝜏𝑚𝑎𝑥 = 1885 ns). Notably, 𝜏0

𝑝 (𝑡𝑘) can be computed as

𝜏0
𝑝 (𝑡𝑘) = 𝐷𝐵𝑆(𝑡𝑘) + 𝐷𝑀𝑆(𝑡𝑘)

𝑐 + Δ𝜏

where the initial delay Δ𝜏 is randomly drawn from an exponential delay distri-
bution as explained for the given scenario in the original IMT-A channel model
[8]. Substituting equations (3)-(5) into equation (14) yields the time-varying
delay of the 𝑝-th cluster at different instantaneous times 𝑡. The delays are nor-
malized by subtracting the minimum delay and sorted in descending order. The
normalized delays are used for time-varying channel coefficient generation (see
equation (1)) but not for cluster power calculations.

2.3 Time-Varying Power of Clusters
The random average power of the 𝑛-th cluster at time 𝑡0 is expressed as

𝑃𝑛(𝑡0) = exp (− 𝜏𝑛(𝑡0)
𝑟𝜏𝜎𝐷𝑆

) ⋅ 10− 𝜉𝑛
10

where 𝑟𝜏 is the delay distribution proportionality factor, 𝜎𝐷𝑆 is the delay spread,
and 𝜉𝑛 is the per-cluster shadowing term (in dB), all obtainable from Table A1-7
in [1]. Therefore, based on the time-varying delay calculation above, the random
average power of the 𝑝-th cluster at time 𝑡 can be expressed as

𝑃𝑝(𝑡) = 𝑃𝑝(𝑡0) ⋅ exp (−𝜏𝑝(𝑡) − 𝜏𝑝(𝑡0)
𝑟𝜏𝜎𝐷𝑆

)
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The total power of all clusters is normalized to 1, and the time-varying cluster
power 𝑃𝑝(𝑡) is obtained accordingly.

2.4 Time-Varying AoD
The time-varying AoD function 𝛼𝑇

𝑝𝑞(𝑡) depends not only on the antenna spacing
at the BS and MS but also on time 𝑡. The spatial CCF of this channel model
is therefore referred to as the local spatial CCF, expressed as [7]

𝛼𝑇
𝑝𝑞(𝑡) = arccos (𝐷2

𝐵𝑆(𝑡) + 𝐷2
𝑇 − 2𝐷𝐵𝑆(𝑡)𝐷𝑇 cos(𝛽𝑇 )

2𝐷𝐵𝑆(𝑡)𝐷𝑇 sin(𝛽𝑇 ) ) + 𝛼𝑇 0
𝑝𝑞

where the auxiliary angle 𝛽𝑇 is defined to simplify the expression. The initial
AoD 𝛼𝑇 0

𝑝𝑞 is constrained to [0, 𝜋), and the time-varying offset is calculated based
on the relative geometry.

2.5 Time-Varying AoA
Similarly, the time-varying AoA 𝛼𝑅

𝑝𝑞(𝑡) is derived as

𝛼𝑅
𝑝𝑞(𝑡) = arccos (𝐷2

𝑀𝑆(𝑡) + 𝐷2
𝑅 − 2𝐷𝑀𝑆(𝑡)𝐷𝑅 cos(𝛽𝑅)

2𝐷𝑀𝑆(𝑡)𝐷𝑅 sin(𝛽𝑅) ) + 𝛼𝑅0
𝑝𝑞

with the auxiliary angle 𝛽𝑅 defined analogously. The initial AoA 𝛼𝑅0
𝑝𝑞 is con-

strained to [−𝜋, 𝜋), and the expression accounts for the movement of both the
MS and MC.

3 Statistical Properties
3.1 Time-Varying Space-Time Cross-Correlation Function

For the proposed IMT-A based channel modeling system, the space-time varying
CCF between two channel impulse responses separated by time Δ𝑡 and spatial
displacements Δ𝛿𝑇 and Δ𝛿𝑅 at the transmitter and receiver respectively is given
by

𝜌ℎ(Δ𝛿𝑇 , Δ𝛿𝑅; 𝑡, Δ𝑡) = 𝐸 {ℎ(𝑡)ℎ∗(𝑡 + Δ𝑡)}

where the expectation is taken over the random phases and channel parameters.
The expression can be expanded as

𝜌ℎ(Δ𝛿𝑇 , Δ𝛿𝑅; 𝑡, Δ𝑡) =
𝑃(𝑡)
∑
𝑝=1

𝑄
∑
𝑞=1

exp (𝑗2𝜋
𝜆 (𝑘𝑇 (𝛼𝑇

𝑝𝑞(𝑡)) ⋅ Δ𝛿𝑇 + 𝑘𝑅(𝛼𝑅
𝑝𝑞(𝑡)) ⋅ Δ𝛿𝑅))×exp (𝑗2𝜋

𝜆 (𝑣𝑀𝑆 ⋅ Δ𝑡 + 𝑣𝑀𝐶 ⋅ Δ𝑡))
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3.2 Time-Varying Auto-Correlation Function

Considering the Markov birth-death process, the survival probability of a cluster
from 𝑡0 to 𝑡 is denoted by 𝑅𝑀𝐶 . The local time ACF of the non-stationary
channel model for the 𝑝-th cluster can be expressed as

𝜌ℎ(Δ𝑡) = 𝐸 {ℎ(𝑡)ℎ∗(𝑡 + Δ𝑡)} =
𝑃(𝑡)
∑
𝑝=1

𝑃𝑝(𝑡) ⋅ 𝑅𝑀𝐶 ⋅ exp (𝑗2𝜋𝑓𝐷Δ𝑡)

where 𝑓𝐷 represents the Doppler frequency shift. The complete derivation in-
volves three components:

𝑋(𝑡, Δ𝑡) = exp (𝑗𝑘𝑅(𝛼𝑅
𝑝𝑞(𝑡 + Δ𝑡) − 𝛼𝑅

𝑝𝑞(𝑡)))

𝑌 (𝑡, Δ𝑡) = exp (𝑗𝑘𝑇 (𝛼𝑇
𝑝𝑞(𝑡 + Δ𝑡) − 𝛼𝑇

𝑝𝑞(𝑡)))

𝑍(𝑡, Δ𝑡) = exp (𝑗(𝑘𝑣(𝛼𝑅
𝑝𝑞(𝑡 + Δ𝑡)) − 𝑘𝑣(𝛼𝑅

𝑝𝑞(𝑡))))

3.3 Stationary Interval

The stationary interval can be calculated using the average power delay profile
(APDP), expressed as

𝑊̄ℎ(𝜏) = 1
𝑁

𝑁
∑
𝑘=1

|ℎ𝑘(𝜏)|2

where 𝑁 is the number of power delay profiles to be averaged and 𝑡𝑘 is the time
of the 𝑘-th snapshot. The correlation coefficient between two APDPs can be
calculated as

𝜌𝑊 (Δ𝑡) = ∫ 𝑊̄ℎ(𝜏, 𝑡)𝑊̄ℎ(𝜏, 𝑡 + Δ𝑡)𝑑𝜏
√∫ 𝑊̄ 2

ℎ(𝜏, 𝑡)𝑑𝜏 ∫ 𝑊̄ 2
ℎ(𝜏, 𝑡 + Δ𝑡)𝑑𝜏

The stationary interval is then computed as

𝑇𝑠𝑖 = arg max
Δ𝑡

{𝜌𝑊 (Δ𝑡) ≥ 𝜌𝑡ℎ}

where 𝜌𝑡ℎ is a given threshold for the correlation coefficient, with specific values
provided in subsequent simulations.
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4 Simulation Analysis
This section presents MATLAB simulation analysis of the statistical proper-
ties of the proposed IMT-A based channel model for high-speed railway mobile
communication scenarios.

4.1 Time-Varying Space-Time Cross-Correlation Function

We employ the NLoS UMA scenario with primary simulation parameters: carrier
frequency 𝑓𝑐 = 930 MHz, 𝑃(𝑡0) = 100, 𝛼𝐿𝑜𝑆

𝑇 = 15∘, 𝑣𝑀𝑆 = 30 m/s, 𝛼𝐿𝑜𝑆
𝑅 =

random, 𝐷𝐵𝑆 = 150 m, 𝑣𝑃 = 20 m/s, and 𝛼𝑀𝑆 = 120∘.

[Figure 4: see original paper] illustrates the 3D absolute value of the local spatial
CCF for the proposed IMT-A based channel model. The results show that as the
antenna spacing at the MS increases, the local spatial CCF decreases with pe-
riodic fluctuations, and the fluctuation amplitude diminishes significantly with
larger antenna spacing, eventually approaching a stable level. This behavior
arises from the non-stationary characteristics of the channel in high-mobility
environments.

[Figure 5: see original paper] depicts the absolute value of the local spatial
CCF at five different instants (𝑡 = 0 s, 1 s, 2 s, 3 s, and 4 s) extracted from
[Figure 4: see original paper]. Although the local spatial CCF decreases with
increasing antenna spacing at the MS, the fluctuation amplitude differs across
time instants. Overall, the CCF peaks show a slightly increasing trend, with
diminishing amplitude over time, eventually stabilizing. These phenomena di-
rectly result from non-stationarity. The analysis of [Figure 4: see original paper]
and [Figure 5: see original paper] demonstrates the pronounced non-stationarity
of the IMT-A based channel model under high-speed mobility, confirming the
theoretical analysis.

4.2 Time-Varying Auto-Correlation Function

Continuing with the NLoS UMA scenario, the following parameters are used
to simulate the local time ACF: 𝑃(𝑡0) = 100, 𝛼𝐿𝑜𝑆

𝑇 = 15∘, 𝑣𝑀𝑆 = 30 m/s,
𝛼𝐿𝑜𝑆

𝑅 = random, 𝐷𝐵𝑆 = 70 m, 𝛼𝑀𝑆 = −140∘, 𝑣𝑃 = 5 m/s, and 𝛼𝑀𝐶 = 120∘.

[Figure 6: see original paper] shows the 3D absolute value of the local time
ACF for the IMT-A based channel model. Similar to the local spatial CCF,
the absolute value of the local time ACF varies with time 𝑡 due to time-varying
AoD and AoA. As the time difference increases, the local time ACF exhibits
a decreasing trend with periodic fluctuations, with the fluctuation amplitude
diminishing significantly as the time difference grows, eventually stabilizing.

[Figure 7: see original paper] presents the absolute value of the local time ACF
at six different instants (𝑡 = 0 s, 1 s, 2 s, 3 s, 4 s, and 5 s) extracted from
[Figure 6: see original paper]. The local time ACF decreases with increasing
time difference, with varying fluctuation amplitudes at different time instants.
The fluctuations tend to increase over time. At a time difference of 0.25 s, the
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ACF at different instants drops by over 80%. As the time difference continues
to increase, the fluctuations gradually stabilize. [Figure 6: see original paper]
and [Figure 7: see original paper] further confirm the non-stationarity of the
IMT-A based channel model under high-speed mobility, with simulation results
matching the analytical predictions.

4.3 Stationary Interval

[Figure 8: see original paper] displays the empirical complementary cumulative
distribution function (CCDF) of the stationary interval for the proposed IMT-A
based channel model at velocities 𝑣 = 90 m/s and 𝑣 = 20 m/s. Other simulation
parameters are: 𝑓𝑐 = 930 MHz, 𝜌𝑡ℎ = 0.8, 𝑃(𝑡0) = 100, 𝑣𝑃 = 0 m/s, 𝐷𝐵𝑆 = 70
m, and 𝛼𝑀𝑆 = 0∘.

From [Figure 8: see original paper], for the proposed channel model at 𝑣 = 90
m/s, the CCDF of the stationary interval shows: a time interval of 0.009 s
at probability 0.8, and 0.02 s at probability 0.6. At 𝑣 = 20 m/s, the CCDF
shows: a time interval of 0.018 s at probability 0.8, and 0.06 s at probability 0.6.
Comparing these results reveals that higher velocities yield smaller correlation,
thereby demonstrating the feasibility of the proposed IMT-A based channel
modeling approach and its consistency with practical conditions.

5 Conclusion
This paper proposes an IMT-A based channel modeling method for high-speed
railway mobile communication scenarios, employing a Markov process to model
the birth-death process of time-varying clusters. Based on this channel model,
we derive and analyze its key statistical properties: local spatial CCF, local
time ACF, and stationary interval. MATLAB simulations of the CCF, ACF,
and stationary interval for the proposed channel model reveal its non-stationary
characteristics, thereby validating the feasibility of the proposed channel mod-
eling approach.
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