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1. Introduction
We describe the channel conditions for the Isotropic Channel Model Based on SCME. A standard SCME model is connected to an isotropic environment through a set of relay antennas. The isotropic environment is described in terms of Hill’s angular spectrum. The spatial correlation inherent in the channel model is explained.
2. Background
SCME UMa and UMi are widely accepted as appropriate channel models for testing MIMO devices [1]. These models employ a 2D geometry with signals emerging from a number of clusters located on a ring surrounding the device under test (DUT) [1].  A wide range of Doppler characteristics and power-delay profiles ensure that that challenging channel conditions can be created.  Testing with less stressful channel models will not always show the difference in performance between devices. Therefore, it is beneficial to keep the temporal characteristics of SCME models even when one deviates from the 2D test configuration. 

The isotropic environment represents a very attractive 3D test configuration where at any given instant the DUT sees signals from a set of discrete directions distributed over a sphere. At the next instant, the amplitudes and phases of these signals (plane waves) have changed. Isotropy is achieved after the DUT has “seen” a series of such plane-wave states. The reverberation chamber [2] is the most common tool for implementing an isotropic test environment. In the present contribution we discuss how one can combine the SCME models with the 3D isotropic environment to achieve a 3D channel model with challenging spatial and temporal characteristics. 
3.  SCME model connected to isotropic environment
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Figure 1: An SCME channel model connected to an isotropic test environment through a set of relay antennas, which excite a set of planes waves in the isotropic environment. 
[image: image2.png]Figure 1 shows the schematic for the Isotropic Channel Model Based on SCME. An SCME
channel model is connected to an isotropic test environment through a set of relay antennas.
On the input side, the SCME channel model contains the base station assumptions. On the
output side, the SCME model has a set of relay antennas that are assumed uncorrelated.
Each relay antenna excites a set of planes waves in the isotropic environment. The output
of the DUT is a weighted sum of plane-wave contributions in accordance with the DUTs
plane-wave receiving characteristic. We introduce the following notation:

e Input port index: s =1,..., 5

e Relay antenna index: v =1,...,U

e DUT output port index: v=1,...,V

e [sotropic state index: j =1,...,J

e DUT plane-wave receiving characteristic: R, (k)
e Plane-wave index: (u,j,p) withp=1,..., P

e Plane-wave propagation direction: kj,

e Plane-wave amplitude: F,;, with ij “Fujp =10





[image: image3.png]The SCME model is characterized by the channel matrix A3 %) which relates each of the
input ports to each of the relay antennas. Fast fading is governed by a the time dependence
(not shown explicitly) of A(SCME),
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ment. Once hgw is known, the total channel matrix for the isotropic model based on

SCME is readily obtained by cascading K59 and h{SCME),

jou

We shall next derive an expression for the channel matrix h:; for the isotropic environ-

The output of DUT port #uv is simply RU(R) - Eq when the DUT is illuminated by the plane
wave E(r) = Ege~**%T with amplitude Ey and propagation direction —k. Here k is the wave
number.

When relay antenna #u is fed by a unit-amplitude signal, and all other relay antennas are
idle, the incident electric field at the location of the DUT is

P .
Euj(r) = Z Fujp ezkkjpvr

p=1

where the plane-wave amplitudes F,,;, and propagation directions ij have statistical prop-
erties described in [2, section 7.1]. By definition, the corresponding output Vj,, of DUT port

#v is
P
o= ¥ Fu Rl

Consequently, the isotropic channel matrix is
(1S0) &
h’jvu Z ujp U )

The isotropic environment has J states, which each has a different set of plane waves (polar-
ization vectors, amplitudes, phases, and propagation directions). Isotropy is achieved only
after the DUT has “seen” all J plane-wave states. Figure 2 shows the plane-wave propaga-
tion directions as dots on the gray sphere for one such state. The DUT is inside the sphere
and sees an incoming plane wave from each dot. The channel matrix hgvio varies much
slower (with respect to j) than the fast fading of h(SCME),

For a particular reverberation chamber, the plane-wave directions of incidence l;jp and vector
amplitudes F,;, can be expressed in terms of cavity modes. Both ij and F,;, are frequency
dependent, but their variation is negligible within the coherence bandwidth of the chamber.
The temporal characteristic of the isotropic model based on SCME is that of the SCME
model for each of the plane waves. Hence, all plane waves contain contributions from all
clusters of the SCME model.
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Figure 2: Plane-wave directions of propagation for a single state of the isotropic environment. The DUT is located inside the sphere and sees incoming plane waves with different polarizations, phases, and amplitudes propagating in the directions given by the dots.
4. Properties of the Isotropic Channel Model Based on SCME
[image: image5.png]In the isotropic environment, the correlation (with respect to index j) between DUT output
ports v and v’ is independent of DUT orientation and equals the usual correlation obtained
from the patterns of ports v and v [3], [4]:
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As an example, assume that DUT antenna #1 is an x—directed electric dipole at r =
—(d/2)z and that DUT antenna #2 is an x—directed electric dipole at r = (d/2)z. Then the
correlation observed in the isotropic environment between DUT ports 1 and 2 is determined
by the standard expression [2, eq.(7.63)]

3 |sin(kd) 1 sin(kd)
P12 = 5[ kd (hd)? ( T —COS(k‘d))].

Also, the correlation imposed by the base-station antennas carries through the isotropic
environment as verified in [5, p. 13 |.




5. Conducted experiments and SCME parameters
Given the channel conditions (incident field), the DUT antenna patterns determine the input to the DUT receiver. Hence, with the DUT antenna patterns available to a channel emulator, it should be possible to perform a conducted experiment that replicates an over-the-air experiment. 
From the properties described in Section 4, it follows that the conducted experiment is especially simple for the isotropic model based on SCME. Specifically, all that is needed is the DUT antenna efficiencies and the correlation between DUT antennas, as shown in Figure 3.
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Figure 3: Schematic for performing a conducted experiment that replicates an isotropic model based on SCME. . 
We finally mention that Tables 3.2.5 and 3.2.6 of reference [6] lists all the parameters required to uniquely specify the SCME models to be used in conjunction with isotropic environments.
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