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|. Introduction

We propose a MIMO channel model with the spatial geometry. We adopt the geometrically based single bounce
éliptica model (GBSB-EM) [1] for choosing long-term spatial channel parameters. Changing the geometry of the
elipse can automatically adjust the various channel parameters, such as multipath amplitude, delay spread and angle
spread. Short-term spatial fast fading is generated with sum of sub-raysto consider angle spread of per path and power
azimuth spectrum. Consequently, modified GBSB-EM is very flexible to change spatial channel parameters.

[1. The spatial channel model
The received signal at U th UE side from B Node Bswith K multipaths for each Node B can be written with as

follows,

M= >H, Ost-7)+nt) @
b=1 k=1

where

ib . the channel matrix from b th Node B for K th resolvable multipath;

S, thetransmitted signal from b th Node B ;
7, the delay from b th Node B for K th resolvable multipath;

N additive white Gaussian noise.

Note that equation (1) is applicable regardless of channel model. In other words, equation (1) is applicable both ray-
based model and correlation matrix model. The things we should discuss are spatial channel parameters and procedures
in equation (1). We discuss the selection of spatial channel parametersin detail below.

A. Spatial channel model set-up

There are several papers regarding MIMO channel model based on measurement results [5, 6]. However, since we have
not measurement campaign results for all cases, we need more flexible channel model for choosing spatial parameters
for various channel environments. Conventional dliptical channel model for smart antenna doesn’t consider the power
azimuth spectrum (PAS), azimuth spread (AS) of one resolvable multipath and antenna correlation. So it is not



applicable for MIMO antenna system directly. We modified the GBSB-EM to consider PAS, AS and so on with short-
term spatial fading. We consider the spatial channel model set-up with following two-steps. We assume 19 cells, 3-

sectored configuration for system level simulation.

Sep | (Selection of long-term spatial channel parameters with GBSB-EM): Determine spatial geometry of UE and
Node B, and spatial parameters per path.

- Determine the positions of UES randomly.

- Choose the power delay profile (PDP) from GBSB-EM.

- Specify the angle of departures (AODs) of Node Bs and angle of arrivals (AOAS) of UES based on positions of UEs,
Node Bs, and scatterers from GBSB-EM.

Sep |1 (Short-term fading generation): Generate spatia fast fading for each resolvable multipath.
- Determine number of sub-rays for each resolvable path.

- Determine AS and PAS for each resolvable path.

- Generate each resolvable path from summation of sub-rayswith AS and Doppler effect.

B. Long term spatial parameters with modified GBSB-EM — step 1 details
Depending on the position of the scatterers, the multipath parameters will change in GBSB-EM. This property is good
for simulating different channel environment. However, a measurement based channel model can only provide channel
parameters in specific channel enviroments. In that respect the GBSB-EM is more flexible in simulating MIMO system
whose performance varies with the variation of spatial and temporal channel parameters.

In the GBSB-EM the scatterers are assumed to be uniformly distributed in an elliptical region. The base station and
the mobile form the foci of the ellipse. The geometry of this model is shown in Fig. 1.
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Fig. 1: The pictoria description of spatial channel set-up procedure

In Fig. 1, the Node B and UE are separated by a distance D. In GBSB-EM, we can generate various multipath signa
parameters such as multipath delay, AOA, AOD and power of each multipath component. The scatterer region is
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described by €lipse equation. The choice of these parameters is determined by the maximum delay, 7. Of the
multipaths. Larger values of 7 imply greater path loss for the multipaths and, consequently, lower relative power
compared to those with shorter delays. Hence, if we change the geometry of the ellipse, the various channel parameters,
such as multipath amplitudes, delay spread and AS vary automatically. The geometry of ellipse can be represented with

the given maximum delay, 7. and the distance between Node B and UE, D as

(x-0)

2

(o 1
where a,, =% and b, =§«/czrfw -D?.

The positions of scatterers are chosen randomly with

=1

D .
X, =a.l, cos(¢k)+3, Y =buresin(¢); k=1,2..K

where 1, =% + Y2, @, ﬂan‘{%]; k=12...K.

Then the propagation delays and AODs can be calculated by

kZJXE+yE+J(D—Xk)

- k=12..K: c=3x10®m/s and
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@ nop =tan—1(ﬁj; k=12...K.
X

AOA can be represented in a similar way. Finaly we can choose the long-term rays with maximum number of

multipath we want to generate.

C. Short term spatial parameters — step 2 details
We discuss the short-term spatial fading generation in detail in [7]. One thing we would like to point out again is each
component of channel matrix in the virtual ray model [2] corresponds to the each ray form one antenna element in Node

B to one antenna element in UE in the ray model [3].
Let 2" (t) be K th resolvable multipath from antenna U at the UE to antenna b at the Node B. S (t) can be

represented by following equation,
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where
R, the power level of K th resolvable multipath;

L the number of sub-rays comprise the K th resolvable multipath;

«, the complex constant with Gaussian density;

PAS, ;s « PAS of Node B for K th resolvable multipath;
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PAS ¢ PASof UE for K th resolvable multipath;

(okAODJ AOD of Node B for | th sub-ray for K th resolvable multipath;

@“noa1 AOA of UE for | th sub-ray for K th resolvable multipath;

db distance between antenna elements of Node B if linear antenna array is adopted;
du distance between antenna elements of UE if linear antenna array is adopted;

f, Doppler frequency;

A wavelength of given carrier frequency;

Simulation Results

A. Power delay profile

Fig. 2 shows the typical examples of PDP using GBSB-EM with different distance D between Node B and UE. Asthe
distance D increases, the multipaths starts to arrive with a greater delay, but their relative amplitude increases. Thisis
due to the fact that as the outer boundary of the scattering region is fixed, the ellipse becomes more elongated with

increasing D. Asfig. 2 shows, with different geometry we can generate various channel environments.
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Fig. 2: Power-Delay profile for eliptical model with different Node B to UE distance
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B. AOD
Fig. 3 showsthe pdf of AOD with GBSB-EM. With different channel environment, we can generate different AS case.
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Fig. 3: pdf of AOD

C. Doppler spectrum
Fig. 4 shows the simulated Doppler spectrum using equation (2). The shape of this Doppler spectrum is the same asfig.
5.1 (b) in[8]. The shape of Doppler spectrum represents a UE moving toward the arriving rays as noted in [8].
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Fig. 4: Simulated Doppler spectrum example.

Conclusion

We proposed the spatial channel model with modified GBSB-EM. The presented model can capture various channel
environments by changing spatial geometry. The short-term fast fading for one resolvable multipath can be generated
with summation of sub-rays after long-term spatial channel parameters are selected.
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