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Abstract—In this paper, we propose a novel three-dimensional
(3D) geometry-based stochastic model (GBSM) for single-input
multiple-output (SIMO) maritime ship-to-land communication
channels. The proposed model is a combination of a line-of-
sight (LoS) component, a specular reflection component, and
scattering components from a sphere model and multiple confocal
elliptic-cylinder models. Based on the proposed model, some key
statistical properties like space-time-correlation-function (STCF)
and Doppler power spectrum density (PSD) are derived. The
impacts of the moving direction angles on Doppler PSD and
Ricean K factor on spatial cross-correlation function (CCF)
are investigated. Finally, the consistency between the power
delay profile (PDP) for the proposed simulation model and the
measurement data demonstrates the validity of the proposed
model.

Index Terms—Maritime ship-to-land communications, SIMO
channel model, GBSM, channel characteristics

I. INTRODUCTION

In recent years, rapid evolution has taken place in every

aspect of terrestrial communications which leads to great

changes on people’s daily life. However, in maritime com-

munication field, the needs of fishery industry and maritime

security have not been satisfied entirely [1]. The most existing

ways of maritime communications are satellite communica-

tions and very high frequency (VHF) communication systems

which are highly costly or have low bandwidth and capacity

[2]. To support future communication systems and optimize

the communication links, the characteristics of the channels

over the sea should be investigated.

Compared with the terrestrial communications, the envi-

ronments of maritime communications are lacking scatter-

ers generally. Due to the reflection of sea water, the main

components of received power can include a strong specular

reflection component besides the LoS component. In addition,

the vagaries of climate will cause attenuation, and the motion

of wave will lead to the roughness of sea surface which

impacts the channel performance through scattering.

With regard to the channel characteristics of maritime

communications, many researches of channel measurements

and modelling have been carried out [2]–[16]. In [3]–[8],

some channel characteristics over the sea were measured in

different situations such as ship-to-land communications or

ship-to-ship communications using different frequencies, and

some empirical models were obtained in [4], [5]. In [9], [10],

the deterministic or quasi-deterministic models were proposed

to describe the path loss in electromagnetic wave propagation.

In [2], [11], the ray-tracing method was used to model the

channels and study the feasibility of millimeter wave band.

However, these kinds of channel models are not flexible to

describe general maritime communication environments. In

[12], the maritime channels were studied based on the finite

difference time domain (FDTD) method. This method can

improve the accuracy of the models by using the spectra of sea

waves to generate the sea surface, but it was limited because

of the huge calculation complexity and physical memory

requirement. Therefore it cannot simulate the channels at long

distances. The literature [13], [14] tried to use GBSMs to

explore the characteristics of ship-to-ship channel. Besides

the basic communication links from sea surface, the literature

[15], [16] proposed that the refraction path, which caused by

evaporation duct, should be taken into consideration. Since

evaporation duct is greatly affected by climate, it does not

exist everywhere and generally appears when communication

distances are long.

However, the models mentioned in the preceding literature

are two-dimensional (2D). As a result, the scattering effect

caused by the fluctuation of sea level and the buildings around

the antennas on the shore was seldom considered in previous

channel models. In addition, most of the existing work only

focused on the large-scale fading characteristics like path

loss, while the small-scale statistical properties were rarely

discussed. To fill these gaps, we propose a novel 3D GBSM to

describe the ship-to-land channels. For the maritime communi-

cation scenarios, especially for the short range communication,

the scattering from the buildings near the coast cannot be

ignored. In order to describe the scattering, we assume that the

scatterers are distributed on surface of a sphere centered on the

receiving antennas which are mounted near the shore. Because

the sea surface is a undulating surface rather than a stationary

horizontal plane, multiple confocal elliptic-cylinders with low

height were used to describe the distribution of scatterers for

scattering from the rough sea surface.

The rest of this paper is organized as follows. In Section II,

the details of the novel 3D theoretical GBSM are described.

At the same time, the reference model and simulation model

are derived. Section III analyzes some important channel

characteristics based on the proposed model. In Section IV, the
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simulation results and analysis are given. Finally, conclusions

are drawn in Section V.

II. A 3D THEORETICAL GBSM

A. Description of the 3D SIMO reference model
For the maritime communication scenario illustrated by

Fig. 1, the receiver (Rx) is located on the shore, so it is fixed.

The transmitter (Tx) is equipped on board, thus it moves with

ship. The velocity of the Tx is expressed by v. In order to

describe the moving direction of Tx, we use γ to indicate its

azimuth angle between the velocity vector v and the y axis.

Since ship can only move on the sea surface, we do not need to

discuss its elevation angles. In order to match our model with

the actual situation well, the SIMO communication system

with M antenna elements at Rx and one antenna element at

Tx is chosen. Because the coastlines are generally long, it is

easier to set multiple antennas on shore, while it is difficult

on boats. In this paper, we assume a 1×2 SIMO channel, i.e.,

M = 2, to simplify the calculations. The number of antennas

can be increased to construct a larger antenna array.
The proposed model is the combination of a LoS compo-

nent, a reflection component, and scattering components. The

scattering components include single-bounced rays from the

sphere model and the multiple confocal elliptic-cylinder mod-

els, respectively, and double-bounced rays through the sphere

model and the multiple confocal elliptic-cylinder models. We

assume there are N1 scatterers lying on the sphere model

with radius R (denoted by s(n1)) to represent the effect of

the buildings around the Rx. In order to represent the effect

of fluctuating ocean surface in different ranges, L confocal

elliptic-cylinders taking the projection of transceivers to x-y
plane as focal points and with different major axis lengths

(denoted by a(l)) are adopted. Similarly, we assume there

are N2 scatterers lying on every elliptic-cylinder (denoted by

s(l,n2)). In addition, the appropriate height of elliptic-cylinders

can be chosen according to height of sea wave. The main

parameters in the proposed model are defined in Table I.
For the 3D SIMO channel, we use q (q = 1, . . . ,M)

to denote the antenna elements of Rxs, and p to denote

Tx. According to the proposed model, the complex impulse

response of the fading channel between the Tx and qth Rx can

be expressed as

hpq(t, τ
′) = hLoS

pq (t)δ(τ ′ − τ ′LoS) + hRef
pq (t)δ(τ ′ − τ ′Ref)

+ hSB1
pq (t)δ(τ ′ − τ

′(n1)
SB1 ) + hSB2

pq (t)δ(τ ′ − τ
′(l,n2)
SB2 )

+ hDB
pq (t)δ(τ ′ − τ

′(l,n1,n2)
DB )

(1)

where

hLoS
pq (t) =

√
K

K + 1
e−j2πfc

dLoS
c

× ej2πfTmaxtcos(α
LoS
T −γ)cos(βLoS

T )

(2a)

hRef
pq (t) =

√
ηRef

K + 1
e−j(ψRef+2πfc

dRef
c )

× ej2πfTmaxtcos(α
Ref
T −γ)cos(βRef

T )

(2b)
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Fig. 1. The proposed 3D SIMO GBSM combining a sphere model and
multiple confocal elliptic-cylinder models (The ratio in the figure is just for
intuitionistic description).

hSB1
pq (t) =

√
ηSB1

K + 1
lim

N1→∞

N1∑
n1=1

1√
N1

× e−j(ψn1+2πfc
d
(n1)
SB1
c )

× ej2πfTmaxtcos(α
(n1)

T −γ)cos(β
(n1)

T )

(2c)

hSB2
pq (t) =

√
ηSB2

K + 1
lim

N2→∞

L∑
l=1

N2∑
n2=1

1√
LN2

× e−j(ψl,n2
+2πfc

d
(l,n2)
SB2

c )

× ej2πfTmaxtcos(α
(l,n2)

T −γ)cos(β
(l,n2)

T )

(2d)

hDB
pq (t) =

√
ηDB

K + 1
lim

N1,N2→∞

L∑
l=1

N1∑
n1=1

N2∑
n2=1

1√
LN1N2

× e−j(ψl,n1,n2
+2πfc

d
(l,n1,n2)
DB

c )

× ej2πfTmaxtcos(α
(l,n2)

T −γ)cos(β
(l,n2)

T ).

(2e)

Here, hLoS
pq (t) and hRef

pq (t) denote the complex envelopes

of the LoS component and the reflection component, re-

spectively. The complex envelope of the single-bounced rays

of the path Tx-s(n1)-Rx are expressed by hSB1
pq (t), the

complex envelope of the single-bounced rays of the path

Tx-s(l,n2)-Rx are represented by hSB2
pq (t), and hDB

pq (t) in-

dicates the complex envelope of the double-bounced rays

of the path Tx-s(l,n2)-s(n1)-Rx. Note that τ ′i = di

c (i =

LoS,Ref, SB1(n1), SB2(l,n2),DB(l,n1,n2)) denotes the delay

of each ray. In our model, only the small-scale fading is

considered, so the total received power is normalized to 1.

In the above equations, K is the Ricean factor and the total

reflected and scattered power is 1/(K + 1), c is the speed

of light, fc is the carrier frequency, and fTmax = vfc
c is the

maximum Doppler frequency caused by the movement of the

Tx. To determine the power proportions of single- and double-

bounced rays, we set ηRef , ηSB1, ηSB2, and ηDB to be power-

related coefficients and their summation is 1. The random

phase shifts ψRef , ψn1
, ψl,n2

, and ψl,n1,n2
are independent
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and identically distributed (i.i.d.) random variables which are

uniformly distributed over (0, 2π].

Based on the geometrical relationship and the law of

cosines, the distance of each ray can be derived as,

dLoS ≈ D +
δR
2
cos(ϕR)cos(θR) (3a)

dRef ≈
√

4h2 +D2 +
δR
2
cos(A) (3b)

d
(n1)
SB1 ≈ dps(n1) +R+

δR
2
cos(B(n1)) (3c)

d
(l,n2)
SB2 ≈ dps(l,n2) + ds(l,n2)q +

δR
2
cos(B(l,n2)) (3d)

d
(l,n1,n2)
DB ≈ d′ps(l,n2) + ds(l,n2)s(n1) +R+

δR
2
cos(B(n1))

(3e)

where

dps(n1) =

√
R2 +D2 − 2RDcos(β

(n1)
R )cos(α

(n1)
R ) (4a)

ds(l,n2)q =
4a2(l)−D2

(4a(l)− 2Dcosα
(l,n2)
R )cosβ

(l,n2)
R

(4b)

dps(l,n2) =

√
d2
s(l,n2)q

+D2 − 2ds(l,n2)qDcosβ
(l,n2)
R cosα

(l,n2)
R

(4c)

ds(l,n2)s(n1) =

√
(d

(l,n1,n2)
1 )2 + (Rsinβ

(n1)
R − d′

ps(l,n2)sinβ
(l,n2)
T )2

(4d)

d′
ps(l,n2) =

4a2(l)−D2

(4a(l) + 2Dcosα
(l,n2)
T )cosβ

(l,n2)
T

(4e)

(d
(l,n1,n2)
1 )2 = (d

(l,n2)
2 )2 +R2cos2β

(n1)
R

− 2d
(l,n2)
2 Rcosβ

(n1)
R cos(C(l,n2) + α

(n1)
R )

(4f)

d
(l,n2)
2 = 2a(l)− d′

ps(l,n2)cosβ
(l,n2)
T (4g)

C(l,n2) = arccos
D2 + (d

(l,n2)
2 )2 − (d′

ps(l,n2))
2cos2β

(l,n2)
T

2Dd
(l,n2)
2

(4h)

cos(A) =
D√

4h2 +D2
cos(ϕR)cos(θR)− 2h√

4h2 +D2
sin(ϕR)

(4i)

cos(B(n1)) = cos(ϕR)cos(β
(n1)
R )cos(θR − α

(n1)
R )

+ sin(ϕR)sin(β
(n1)
R )

(4j)

TABLE I
DEFINITION OF PARAMETERS.

Parameters Definitions
a(l)

(l = 1, 2...L)
Semi-major axis length of the lth confocal elliptic-
cylinder

D The distance between Tx and the center of Rx array
h Altitude of TX and the center of Rx array relative to

the horizontal plane
δR Antenna element spacing at the Rx
R Radius of the sphere around the Rx

θR, ϕR Orientation of the Rx antenna array in the x-y plane
and elevation of the Rx antenna array relative to the
x-y plane, respectively

αLoS
R , βLoS

R AAoA/EAoA of the LoS component

αRef
R , βRef

R AAoA/EAoA of the reflection component

α/β
(n1)
T ,

α/β
(n1)
R

AAoDs/EAoDs and AAoAs/EAoAs of the scattering
components from the n1th scatterers on the sphere
model

α/β
(l,n2)
T ,

α/β
(l,n2)
R

AAoDs/EAoDs and AAoAs/EAoAs of the scattering
components from the n2th scatterers on the lth elliptic-
cylinder model

dLoS , dRef ,
dSB1, dSB2,
dDB , dAB

Distances of LoS component, reflection component,
single-bounced, double-bounced scattering components,
and distance between A and B

RRef Reflection point

cos(B(l,n2)) = cos(ϕR)cos(β
(l,n2)
R )cos(θR − α

(l,n2)
R )

+ sin(ϕR)sin(β
(l,n2)
R ).

(4k)

It is noted that for (3a)-(3e), small angle approximations are

adopted in cosine functions (cos(x) ≈ 1, when x is small) to

simplify the calculation.

In the above formulas, the values of the azimuth/elevation

angles of departure (AAoDs/EAoDs) and the

azimuth/elevation angles of arrival (AAoAs/EAoAs) are

discrete. If there are infinite scatterers on every geometric

model (i.e., N1, N2→ ∞), the angles can be seen as

random variables represented by α
(1)
R /β

(1)
R , α

(1)
T /β

(1)
T ,

α
(l,2)
R /β

(l,2)
R , and α

(l,2)
T /β

(l,2)
T . For the single-bounced

components of the path Tx-s(n1)-Rx, the relationship between

the AoDs and AoAs can be expressed as α
(n1)
T = (π −

arccos(
2D2−2RDcosβ

(n1)

R cosα
(n1)

R

2D

√
R2cos2β

(n1)

R +D2−2DRcosβ
(n1)

R cosα
(n1)

R

))sgn(α
(n1)
R ),

β
(n1)
T = arcsin(

Rsinβ
(n1)

R√
R2+D2−2DRcosβ

(n1)

R cosα
(n1)

R

), where

sgn(·) is the sign function. As for the single-bounced

components of the path Tx-s(l,n2)-Rx, the relationship

between the AoDs and AoAs are α
(l,n2)
T = (π −

arccos(
D2+d2

ps(l,n2)cos
2β

(l,n2)

R −d2

s(l,n2)q
cos2β

(l,n2)

R

2Dd
ps(l,n2)cosβ

(l,n2)

R

))sgn(α
(l,n2)
R ),

β
(l,n2)
T = arcsin(

d
s(l,n2)q

sinβ
(l,n2)

R

d
ps(l,n2)

). As a result, we only

determine the distribution of the AAoAs/EAoAs for single-

bounced rays. For the AAoAs/EAoAs of scatterers on the

sphere model and AAoAs of scatterers on the multiple

confocal elliptic-cylinder models, the distribution of them
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can be assumed as von-Mises distribution [17], [18] with

different mean angles x0 and different values of concentration

parameter k which describes the spread of the data,

f(x) =
ekcos(x−x0)

2πI0(k)
,−π ≤ x < π, k ≥ 0 (5)

where I0(·) is the zeroth-order modified Bessel function of the

first kind, x0 ∈ [−π, π).
As for the distribution of the EAoAs for scatterers lying on

the multiple confocal elliptic-cylinder models, we choose the

cosine distribution because it can limit the angles to a certain

extent according to the height of the models. This distribution

can be given by

f(β) =
1

2βs
[1 + cos(

π(β − β0)

βs
)], β0 − βs ≤ β ≤ β0 + βs (6)

where β0 is the mean value and βs is the scale parameter to

determine the range.

In addition, the AAoAs/EAoAs and AAoDs/EAoDs of the

LoS component and reflection component are αLoS
R ≈ βLoS

R ≈
βLoS
T ≈ 0, αLoS

T ≈ π, αRef
R ≈ 0, βRef

R ≈ −arctan( 2hD ), βRef
T ≈

arctan( 2hD )−π, and αRef
T ≈ π [19]. For double-bounced rays,

we assume that the AAoDs and AAoAs/EAoAs follow von-

Mises distribution, and the EAoDs follow cosine distribution

in the same way as above.

B. Description of the 3D SIMO simulation model

The reference model is based on the assumption that there

are infinite scatterers on the geometric models. However, this

assumption leads to tremendous computational complexity.

To facilitate simulation and calculation, the sum of sinusoids

(SoS) method can be used to built a simulation model with

finite numbers of scatterers (i.e., N1, N2) based on the

reference model. Hence, the AAoDs/EAoDs, AAoAs/EAoAs

and the random phase shifts should be discretized and they

still follow the same distributions as those in the reference

model.

At this point, the complex impulse response of the fading

channel can be expressed as

h̃pq(t, τ
′) = h̃LoS

pq (t, τ ′) + h̃Ref
pq (t, τ ′) + h̃SB1

pq (t, τ ′)

+ h̃SB2
pq (t, τ ′) + h̃DB

pq (t, τ ′).
(7)

In h̃LoS
pq (t, τ ′), h̃Ref

pq (t, τ ′), h̃SB1
pq (t, τ ′), h̃SB2

pq (t, τ ′), and

h̃DB
pq (t, τ ′), the numbers of scatterers are finite.

III. STATISTICAL PROPERTIES OF THE 3D GBSM

A. STCF

STCF can be used to describe the correlation characteristics

between the received complex envelopes hm
pq(t) and hm

pq′(t)
(m = LoS,Ref, SB1, SB2,DB) of any two sub-channels.

Generally, the STCF can be computed as [20]

ρhm
pqh

m
pq′

(τ) = E[hm
pq(t)h

m∗
pq′ (t− τ)] (8)

where (·)∗ denotes the operation of complex conjugate and

E[·] represents the operation of computing expectation.

In the proposed model, the correlation characteristics of

different components are discussed respectively due to the dif-

ferent distributions of the AAoDs/EAoDs and AAoAs/EAoAs:

(a) In terms of the LoS component,

ρhLoS
pq hLoS

pq′
(τ) =

K

K + 1
e−j2πfc

ΔdLoS
c

× ej2πfTmaxτcos(αLoS
T −γ)cos(βLoS

T )

(9)

where ΔdLoS = δRcos(ϕR)cos(θR).
(b) In terms of the reflection component,

ρhRef
pq hRef

pq′
(τ) =

ηRef

K + 1
e−j2πfc

ΔdRef
c

× ej2πfTmaxτcos(αRef
T −γ)cos(βRef

T )

(10)

where ΔdRef = δRcos(A).
(c) In the case of the single-bounced components, for the

sphere model,

ρhSB1
pq hSB1

pq′
(τ) =

ηSB1

K + 1

∫ π

−π

∫ π

−π

e−j2πfc
ΔdSB1

c

× ej2πfTmaxτcos(α
(1)
T

−γ)cos(β
(1)
T

)

× f(α
(1)
R )f(β

(1)
R )dα

(1)
R dβ

(1)
R

(11)

where ΔdSB1 = δR[cos(ϕR)cos(β
(1)
R )cos(θR − α

(1)
R ) +

sin(ϕR)sin(β
(1)
R )], and for one elliptic-cylinder model,

ρhSB2
pq hSB2

pq′
(l, τ) =

ηSB2

L(K + 1)

∫ π

−π

∫ β
(l)
0 +β

(l)
s

β
(l)
0 −β

(l)
s

e−j2πfc
ΔdSB2

c

× ej2πfTmaxτcos(α
(l,2)
T

−γ)cos(β
(l,2)
T

)

× f(α
(l,2)
R )f(β

(l,2)
R )dβ

(l,2)
R dα

(l,2)
R

(12)

where ΔdSB2 = δR[cos(ϕR)cos(β
(l,2)
R )cos(θR − α

(l,2)
R ) +

sin(ϕR)sin(β
(l,2)
R )].

(d) In terms of the double-bounced components through the

sphere model and one elliptic-cylinder model,

ρhDB
pq hDB

pq′
(l, τ) =

ηDB

L(K + 1)

∫ π

−π

∫ π

−π

∫ π

−π

∫ β
(l)
0 +β

(l)
s

β
(l)
0 −β

(l)
s

e−j2πfc
ΔdDB

c

× ej2πfTmaxτcos(α
(l,2)
T

−γ)cos(β
(l,2)
T

)

× f(α
(1)
R )f(β

(1)
R )f(α

(l,2)
T )f(β

(l,2)
T )dβ

(l,2)
T dα

(l,2)
T dα

(1)
R dβ

(1)
R

(13)

where ΔdDB = δR[cos(ϕR)cos(β
(1)
R )cos(θR − α

(1)
R ) +

sin(ϕR)sin(β
(1)
R )].

By summing over all of the above equations, we obtain the

total STCF, which can be expressed as

ρhpqhpq′ (τ) = ρhLoS
pq hLoS

pq′
(τ) + ρhRef

pq hRef
pq′

(τ) + ρhSB1
pq hSB1

pq′
(τ)

+

L∑
l=1

ρhSB2
pq hSB2

pq′
(l, τ) +

L∑
l=1

ρhDB
pq hDB

pq′
(l, τ).

(14)

When we set Δdm = 0, (m = LoS,Ref, SB1, SB2,DB)
in STCF, the temporal autocorrelation function (ACF) can be

obtained. In the same way, the spatial CCF can be computed

by setting τ = 0 [21].
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B. Doppler PSD

By the Fourier transform of the total STCF, the Doppler

PSD can be obtained [19],

Shpqhpq′ (fD) = F{ρhpqhpq′ (τ)}

=

∫ ∞

−∞
ρhpqhpq′ (τ)e

−j2πfDτdτ
(15)

where F{·} indicates the Fourier transform, fD =
fTmaxcos(θ) is the Doppler frequency, and θ is the angle

between the transmitting wave and the moving direction of

antenna.

C. PDP

To describe the impact of scattering on the power variation,

the PDP is considered. The averaged PDP can be calculated

as

P (τ ′) =
1

NPDP

NPDP−1∑
u=0

|hpq(tu, τ
′)|2. (16)

IV. RESULTS AND ANALYSIS

In this section, the numerical and simulation results of the

channel characteristics are presented. The main parameters are

chosen as follows: fc = 2.075 GHz, D = 2000 m, R = 15
m, v = 10 m/s, γ = 0, θR = 4π/5, ϕR = π/6, δR = 3

m, h = 20 m, L = 5, α
(1)
0 = π/2, k

α
(1)
0

= 5, β
(1)
0 = 0,

k
β
(1)
0

= 20, α
(2)
0 = π/4, k

α
(2)
0

= 5.

Firstly, we investigate the ACF by setting Δdm = 0 in

the total STCF. The results are shown in Fig. 2. For the

simulation model, we assume the numbers of scatterers to be

N1 = 50, N2 = 50. The simulation result is computed from

simulation model using correlation function in Matlab. As

shown in Fig. 2, the curves of the reference model, simulation

model, and simulation result match well, which demonstrates

the applicability of the proposed model. On the other hand,

when τ is set to be 0 in the total STCF, we can compute the

spatial CCF of two sub-channels. Fig. 3 specifies the influence

of Ricean factor on CCF. When the value of K increases, the

correlation between the two sub-channels becomes stronger

which means enhanced spatial correlation.

In Fig. 4, the Doppler PSDs with different moving direction

angles (γ) of the Tx are presented. With the change of moving

direction angles, the peak values of the curves also change

because the Doppler shifts of the LoS components in different

situations are not similar. In addition to this, when the moving

direction changes, the influence from the scatterers will be

different. As a result, there are some differences in the shape

of the curves which show that moving direction angles have

great impacts on the Doppler PSD.

Fig. 5 illustrates the comparison of PDPs between the

simulation model and measurement data [3]. The channel

measurement was carried out with two RX antennas placed

in an harbor area and one mobile TX antenna placed on

a ship. The main measurement parameters are as follows:

fc = 2.075 GHz, v = 3.1 m/s, δR = 1.865 m, h = 21.2 m.

In our simulation, the parameters are turned to be coincident

Fig. 2. The absolute values of the temporal ACFs.

Fig. 3. The absolute values of the spatial CCFs with different Ricean K
factors.

with the measurement parameters. From the result, we can

see that the proposed model shows a good matching with

measurement data which validates the proposed model. To

verify the necessity of adopting multiple confocal elliptic-

cylinder models to represent the effect of fluctuating ocean

surface, a simplified model only considering the LoS com-

ponent, reflection component and scattering components from

the sphere model is simulated. As in Fig. 5, the simplified

model can not give the enough channel information, and the

effect of fluctuating ocean surface should be considered.

V. CONCLUSIONS

In this paper, we have proposed a novel SIMO GBSM for

maritime communications. It has the ability to mimic the ship-

to-land channel. Based on the proposed model, the channel

characteristics, such as STCF and Doppler PSD, have been

illustrated. Then, we have studied the impacts of Ricean K
factors on the spatial CCF and moving direction angles of the
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Fig. 4. The Doppler PSDs with different moving direction angles of the Tx.

Tx on Doppler PSD. The simulation results have validated the

utility of the proposed GBSM. In the future, we will further

investigate the impacts of more parameters and try to introduce

more methods for description of the sea surface to improve the

accuracy of the channel model.
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