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Abstract—This paper proposes a novel three-dimension
multiple-input multiple-output (MIMO) channel model based on
Regular-Shaped Geometry-Based Stochastic Model (RS-GBSM),
which is called Geometrical Multi-Ellipsoid Based Stochastic
Model (GMEBSM). Scatterers are assumed to be distributed on
the surface of the ellipsoids whose foci are at the center of
transmitter and receiver ends. Ellipsoids with different
propagation delays are assumed to obey exponential distribution.
By using the von Mises Fisher (VMF) distribution, the proposed
model has the ability to jointly consider the azimuth and
elevation angles. Assuming in 3-D non-isotropic scatting model,
the expression for the space-time correlation function (STCF)
between each two sub channels is derived. Finally, simulation
results of the derived CF are presented.
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I.  INTRODUCTION

In recent years, multiple-input multiple-output (MIMO)
wireless systems have attracted much attention. The system
can provide a potentially huge gain in capacity and promise a
high spectral efficiency by using multiple antennas at both
receiver and transmitter ends. However, performance of
wireless communication systems depends on the statistical
characteristics of angular components of the received signal.
Thus, a channel model which is capable of providing the
directional information of the received multipath waves is
extremely in need. It is known that rays reflected from
scatterers exhibit different delays and angles at the receiver, so
that the statistic characteristics of different multipath
components are strongly dependent on the distribution of the
scatterers around the wireless link [1]. Therefore, a geometric
based channel model, which can characterize the distribution
of scatterers, can be used to describe the angle of arrival (AoA)
statistics accurately.

In previous publications, several two-dimensional (2-D)
and three-dimensional (3-D) geometrical scattering channel
models have been proposed, such as elliptical scattering model
in [2-5]; single-bounce two-sphere model in [6]; a
combination of two-sphere model and an elliptic-cylinder
model in [4]; 3-D ellipsoid scattering model in [7-8].

2-D models ([2] [3] [5]) assumed that waves travelled
only in the horizontal plan and ignored the vertical
components, while in reality, waves do travel in 3-D space.
Reference [7-8] introduced a 3-D ellipsoid model which
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assumed uniform distribution of scatterers were inside an
ellipsoid. They developed a 3-D geometry-based scattering
channel model for wireless communication environments, in
which the AoA of the received multipath waves took place in
both the azimuth and the elevation angles. They also assumed
that the azimuth angle and elevation angle were independent
and should be analyzed separately.

In this paper, the Geometrical Multi-Ellipsoid Based
Stochastic Model (GMEBSM) is developed, which is a 3-D
geometrical scattering channel model. The proposed model is
on the basis of ellipsoid model and the foci of the model are
the center of transmitter and receiver ends. The model assumes
that the scatterers are distributed on the surface of the
ellipsoids. Different ellipsoids lead to different transmission
delays, which is assumed to obey exponential distribution. In
the previous reported ellipsoid models, scatterers are assumed
to be uniform distributed in space. This assumption is
acceptable only for certain environments. To jointly consider
the azimuth and the elevation angles of the angle-of-arrival
(AoA), we apply the von Mises-Fisher (VMF) distribution as
the scatterer distribution. The VMF distribution can be
considered to be the analogue of the multivariate Gaussian
distribution [8].

The proposed model can be utilized both for outdoor
micro-cell and pico-cell as well as indoor environment where
scatterers significantly impact the transmitter and receiver
characteristics.

The rest of the paper is organized as follows. Section II
proposes the novel GMEBSM for non-isotropic MIMO
channels. The model is the combination of line-of-sight (LoS)
components and non-line-of-sight (NLoS) components. The
analysis of channel statistic properties is in Section III. In
Section 1V, the simulation results and analysis are presented.
Finally the conclusion will be derived in Section V.

II. DESCRIPTION OF GMEBSM

The proposed GMEBSM is equipped with M transmitter
and N receiver antenna elements at each ends. The radio
propagation environment is characterized by 3D effective
scattering components between the Tx and Rx. We define the
effective scatterers as scatterers that are capable of reflecting
incident waves and the power of which can be effectively
received by receiver.

In the ellipsoid model, the base station (BS) and mobile
station (MS) are located on the x-axis at the foci and are
separated by a distance D=2f , where f is the ellipsoid’s
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transmitter are (f,0)and(—7,0), respectively. Note that the
ellipsoid is made of the ellipse rotating around the x axis.

As shown in Fig.1, the proposed GMEBSM is the
combination of line-of-sight (LoS) components and N,
ellipsoid models.

Scatterers are distributed in the space with density function
around the communication link. For graphical simplicity, only

two scatterers on two ellipsoid-models are shown in Fig.1 and
they are denoted by S,,S, . The spherical coordinates of the

scatterer S,, which is on Ellipsoid —i (El—1i), with respect to
the receiver can be expressed as (r, 9,¢) and the ellipsoid can
be described as

D 2
(r sinfcosg + Ej (rsin@sin ¢)2 (rcos 9)2 |
a Y

i

where co-elevation and azimuthal angles of arrival at receiver
are denoted byfand¢, with 0 <0 <mand -n < ¢ < . The

parameter  denotes the distance from the scatter S, to Rx.

Fig. 1. The GMEBSM Model

The transmission delay which is caused by the reflection of
the scatterers on the E/—i can be denoted aszy, . We assume

that the transmission delay caused by the reflection of
different ellipsoids obey exponential distribution [8], shown as

T (TS’fi _TU)

I (TSB,- ) = ;Oe_ ’ ()

where o is the root-mean square delay spread (RDS).

The distribution shown in (2) is related to the parameter
N3, shown in equation (3).

Nss, = F (TSBM )_FT (TSB,. ) 3)

FT(rSB’_) is the cumulative distribution function (CDF)

of fT(TSB’_) . The parameter 7, specifies how much the

single-bounced rays reflected by E/ —i contribute to the total
scattered power.

The antenna spacing at Tx and Rx are respectively
designated by &, and &, Note that the assumption

min{D,a, '} > max{5,,5,} is applied in this theoretical
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model. The tilt angles with respected to x axis of the multi-
element antennas are denoted by y, and y, . The Co-EAoD

(co-elevation angle of departure) and AAoD (azimuth angle of
departure) of the waves that impinge on the effective scatterers
are designated by 0, and ¢, . The Co-EAoA (co-elevation

angle of arrival) and AAoA (azimuth angle of arrival) of the
wave traveling from an effective scatterer are denoted by

0, and @, , respectively. 6;” and ¢;” denotes the AoA of a
LoS path.
In the next section, we will present the derivation of the

reference model and derive the correlation function of the
GMEBSM.

III. THE STATISTICAL PROPERTIES OF THE GMEBSM

A. The derivation of the proposed model
The 3D MIMO fading channel can be described by a
matrix H(¢)=[h,, ()], . with the size of MxN . The

subscripts p and g denote the antenna elements at Tx and Rx.

The received complex fading envelope between
the p-th (p=1--,M) Tx antenna and the g¢-th
(¢=1,--N) Rx antenna at the carrier frequency f. is a

superposition of the LoS and single-bounced components,
which can be expressed by the following equation

hp . hL”S Zh 4
In Eq. (4), the components can be expressed as

by (1) =

K ¢ P T s i Bs) (5
K+1

ﬁ
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where
Ay = cos(67" Joos (¢ )
Byus =05 (6;" oos (4" ®)
Ay, , =cos (07" )cos (%" ) ©)
By, , =cos (037" )cos(¢"") (10)

T
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with ¢, =0 , ;" =7 , ;" =0, ~=, 7, =¢, /c and

Ty —(8 +g, )/c . effective

pn
scatterers around the Tx and the Rx lying on the surface of
the i-th ellipsoid model. Here, K is the Ricean factor. The
phase y, is independent and identically distributed (i.i.d)

Supposing there are N,

random variable with uniform distributions over [ —n,n) .
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i, and fe,
and Rx, respectively.

Based on the cosine theorem
approximations, we can obtain

are the maximum Doppler frequencies of Tx

and small angle

gl"]

1) 1)
zD—?TcosyT+?RcosyR (11)

gl’”‘i

—7,)sin 6,
(12)

One ellipsoid of the GMEBSM is shown in Fig.2. The
distance between the scatterer S and the center of transmitter
Tx is g, and the distance between S and the receiver Rx

1) .
~2aF ?Tcos(qﬁr —y,)sin0, F %cos(qﬁR

is¢g,,, respectively. Each scatterer on the surface of ellipsoid is
located on an ellipse (Ellipse-1 in Fig.2) which is the same
with Ellipse-0. Based on the basic principle of ellipse and the
cosine theorem, the distance &,, and¢,, can be denoted as

&y = \/EHRZ +D? =2¢, ,Dcosg, sinb, (13)

4q*> - D?
2(2a—-Dcos ¢, sin6;)

(14)

gnR =

On the basis of Eq. (13-14), the relationship between the
AoDs and AoAs could be derived as

SB,n
&, XCOSO;

cos ;""" = (15)
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As scatterers tend to infinity, the discrete variables such as
EAoD 0", AAoD ¢,”", EAoA 6;”" and AAoA ¢;"", c

be replaced by continuous random variables 6, , ¢." , 65"
and¢;” .

can

To jointly consider the impact of the azimuth and elevation
angles on channel statistics, VMF PDF are applied to
characterize the distribution of the scatterers which impact the
AoA statistics of the received signal. The VMF can be
considered as the analogue of the multivariate Gaussian
distribution, which is given by

f, (X px)=C, (K)exp(rc,urﬂ) (17)
K
G, ()= 4rsinh (k) (1%

where Q represents the direction of scatterers which can be
expressed as (sinHcos¢,sin6’sin¢,cost9)r, and u which is

indicated as (sin@, cosg, sin@, sing,, cosd,) , points to the

center of the cluster. The parameter x indicates the
concentration of the distribution about the mean direction
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vector. The distribution becomes isotropic when x — 0, and
extremely non-isotropic while x — co .

Fig. 2. Single Ellipsoid of GMEBSM

B. The Correlation Function of the 3D MIMO model
In this section, the statistical properties of the multi-
ellipsoid model will be derived.

Correlation among antenna elements is an important factor
to affect AoA characteristics and the performance of the
receiver when using multiple antenna systems and antenna
arrays [8].

The space-time correlation function plays an important role
in MIMO communication channels. The normalized ST CF

between any two complex fading envelopes £, (t) and
h,,(t) is defined as

rq

_ E[hpq (t)h;’q’ (t _T):|
\/quQ

(19)

Substituting Eq. (19) for Eq. (5) and Eq. (11), we can then
acquire the CF of the LoS component as

_ lzl?
' rq
e * 7 x

K
K+1

_ -i2m(fy,,
P RS nkos (T) - € (20)

&

Pq

=2Dcosy, 2n

Substituting Eq. (19) for Eq. (6) and Eq. (12), we can then
obtain the CF of the single-bounce component as

2nm
B, n)

*/*d J27T (f1,,0 Ay 0
P ()= Il 46d¢
(22)
d =8, cos(¢, —y,)sin0, +3, cos(g, —7,)sin6,  (23)

The parameters A and B

(10).

are shown in (9) and

SB; ,n SB;,n

IV. SIMULATION RESULTS AND ANALYSIS

To establish a verification of the theoretical Space-Time
Correlation Function of the proposed reference model, we
present some simulation results in this section.



The parameters in Fig.3 and Fig.4 are set as Table.1.

TABLE 1. DEFINATION OF PARAMETERS IN SIMULATION IN FIG.4 AND 5
parameters description detail
D The distance between the Tx | D =30m

and Rx
f, operation frequency f, =2.4GHz
A wavelength A=clf.
vy The tilt angles of the multi- Yr= Ve :7;/4
re /R element antenna at Tx and Rx
Identical maximum Doppler f, =50Hz
f..f frequencies at transmit side
7R _
and receive side f, =90Hz
5.8 The antenna spacing at 5, =6, :,1/2
T>"R transmit side and receive side

The omnidirectional antennas are employed at both sides.
The space-time correlation function of the proposed reference
model is illustrated as follows.

Fig.3 illustrates the CFs of Single-Bounce (S-B) reflected
from different ellipsoids, which own different propagation
delays. CF-SBI represents the ellipsoid withzy, =0.1us, CF-
SB2 with 7y, =02us and CF-SB3 with 7, =03us ,

respectively. The figure shows that the proposed channel have
small correlations when the propagation delay increased.
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Fig. 4. The CF of the proposed reference model

The 2-D space-time correlation function for channels
proposed in [6] suggests that two vertically placed antennas
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are completely correlated and no diversity gain is available.
The space-time correlation function of the proposed 3-D
channel model shows that vertically placed antennas have
small correlations, as illustrated in Fig.4.1. The STCF
decreases when the antenna spacing at Tx and Rx increases.

Fig.4.2 shows the CF including LoS components and S-B
components with Ricean factor K =0.15 and K=6 . K
becomes small when the density of scatterers surrounding the
Rx and Tx is high, as the NLoS components play a major role
in the propagation environment. The CF is higher when LoS
component has dominant power.

V. CONCLUSION

In this paper, we have proposed a novel 3-D RS-GBSBM
for Rayleigh fading MIMO channels called GMEBSM. The
proposed model has the ability to analyze the joint impact of
the azimuth and elevation angles on channel statistics.
Furthermore, the model has the advantage that parameters are
well defined and we can compare the performance of the
MIMO system over different propagation conditions.

The Space-Time Correlation Functions for 3-D non
isotropic scattering environment have been derived in this
paper. Our future work will focus on evaluating the ToA
characteristics and MIMO capacity with this model.
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