
Creating a Complex multipath environment 
Simulation in an aneChoiC Chamber

Techniques for measuring over-
the-air (OTA) performance of 
wireless devices with single an-

tennas do not work as well for multiple 
antennas because they assume that 
the radiation pattern of the device is 
fixed such that the measured result is 
a snapshot of the device performance 
at any given instant in time. However, 
on a device with multiple antennas, 
software algorithms can change the 
relationship between the antennas, 
essentially adapting the radiation pat-
tern to suit the environment in which 
the device is used. Such adaptation al-
ters the quantity being measured dur-
ing the measurement process, thus 
invalidating the test.

OTA metrics such as total radi-
ated power (TRP) and total isotropic 
sensitivity (TIS) are used to evaluate 
SISO performance of wireless devic-
es, representing the static properties 
of the device under test (DUT), inde-
pendent of the environment in which 
the device is used. On the other hand, 
the ability of MIMO devices to adapt 
to their environment implies that the 
radiated performance of the device is 
a function of both the DUT and the 
environment in which it is evaluated. 
Since it is impractical to evaluate de-
vice performance in the wide range of 
real-world environments, a laboratory 
technique for simulating those envi-
ronments is required.

Conducted test methods can evalu-
ate radio performance for a variety of 
standardized channel models, yet they 
make assumptions about the radiated 
performance of the DUT, leaving out 
the impact of variations in antenna pat-
tern, spacing, etc., as well as platform 
interference and antenna loading. OTA 
testing is required to properly evaluate 
all these critical factors together.

However, typical radiated test en-
vironments such as anechoic cham-

bers or reverberation chambers are 
not directly suited to this type of test-
ing either. In the traditional single an-
tenna OTA measurement system in an 
anechoic chamber, the goal of the test 
is to evaluate the DUT performance 
from each direction around the de-
vice without extraneous reflections. 
Thus, the chamber is lined with RF 
absorber to prevent these reflections 
and ensure that the only RF energy 
measured is that transferred line-of-
sight (LOS) between the DUT and 
the measurement antenna. 

For accurate measurement, the 
system is intentionally designed so 
that the entire test volume around the 
DUT (the quiet zone) will produce 
nearly the same measurement result 
no matter where the DUT antenna 
is located within the test volume. 
Increasing the number of measure-
ment antennas for the purpose of an  
N  N MIMO link would still re-
sult in N LOS signals between each 
source antenna and the correspond-
ing N receivers. The resulting chan-
nels are all highly correlated, since all 
antennas on the DUT essentially see 
the same signal; there is no way such a 
system could transfer multiple unique 
data channels across the wireless link. 
The environment simulated here is 
the worst case behavior for MIMO, 
which is a LOS only environment.

Conversely, the reverberation 
chamber is a system that is designed 
to take advantage of reflections to 
measure the power radiated from a 
device. The measurement antenna 
becomes the only sink of power in the 
closed cell, so conceptually the idea is 
that all energy radiated by the DUT 
reaches the measurement antenna 
and vice-versa. Any RF energy intro-
duced in the chamber bounces around 
within the entire chamber, with some 
loss each time it encounters a surface. 
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Eventually some portion of that en-
ergy reaches the target antenna and 
is received. The remainder continues 
reflecting within the environment 
until absorbed or until it reaches the 
antenna again. Various “stirring” tech-
niques are used to randomize the field 
structure to ensure that there are no 
standing wave resonances within the 
test volume. The result is a statistical 
distribution that relates the received 
power to the transmit power through 
the net losses of the chamber itself.

The pattern information of the 
DUT antenna(s) has been averaged 
out since the direction of propagation 
between the DUT and measurement 
antenna has been intentionally ran-
domized. The result is a completely 
uniform spatial channel that appears 
as though reflections are coming from 
all directions (because, of course, they 
are). While the loading of the cham-
ber can be tweaked somewhat to alter 
the power delay profile (PDP) seen at 
the DUT, the actual delays involved 
are a function of the size of the cham-
ber itself, since larger chambers will 
have longer delays. In either case, the 
delays induced by the chamber itself 
are more typical to equivalent room 
sized environments than those of an 
urban cellular network.

From a spatial correlation stand-
point, the reverberation chamber pro-
duces a test volume with an extremely 
low correlation, meaning that if a 
MIMO device is going to work any-
where, it will work in a reverberation 
chamber; assuming of course that the 
created PDP corresponds to some-
thing the DUT is designed to handle. 
While the environment produced in 
a reverberation chamber can be used 
to test MIMO, the usefulness of the 
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nas to integrate the field structure thus 
generated just as it would with real-
world signals. The impact of antenna 
placement and orientation, as well 
as the effects of the platform itself, 
can be readily evaluated. Near-field 
phantoms can be used to simulate the 
impedance changes and pattern varia-
tions introduced by objects usually 
found in the vicinity of the device in 
normal operation. While there are 
other ways of creating a faded channel 
between the DUT and any test equip-
ment, this spatial channel emulator 
concept provides the most versatile 

resulting data is unknown, as the en-
vironment being generated does not 
look much like typical real world en-
vironments either.

SpAtIAL ENVIRONMENt 
SIMULAtION

In order to properly evaluate per-
formance of MIMO devices in an over-
the-air configuration, what is needed 
is a configurable RF environment 
simulator that allows emulation of an 
entire spectrum of RF environments. 
As noted above, the anechoic chamber 
and reverberation chamber represent 
two ends of a broad spectrum of envi-
ronmental conditions. Most of the real 
world environments in which devices 
will be used lie somewhere in between 
these two extremes. The obvious ques-
tion becomes: What changes can be 
made to either of the systems to ap-
proximate other environments? Since 
in general it is easier to add RF signals 
than to take them away, adding simula-
tion of spatial multipath behavior to an 
anechoic environment is more feasible 
than removing multipath from an in-
herently multipath environment.

Figure 1 illustrates a typical real 
world environment encountered by a 
wireless device. Reflections from scat-
terers in the environment arrive at the 
device from various angles of arrival 
(AOA) and with varying PDPs and an-
gular spreads. If one were to isolate a 
spherical surface around the device, 
the conditions within that sphere can 
be replicated by reproducing the condi-
tions on the surface of the sphere. For 
the purpose of our environment simu-
lator, we would take the contents of 
the sphere, including any near field ef-
fects such as the impact of head, hands, 
etc., and recreate those within the iso-
lated environment of a fully anechoic 
chamber. Events at the boundary of 
the sphere can then be approximated 
through the use of an array of antennas, 
as shown in Figure 2, where each an-
tenna simulates a general AOA relative 
to the DUT.

Each antenna is fed by the output 
of a spatial channel emulator that sim-
ulates the remainder of the environ-
ment outside the sphere. The quality 
of the boundary condition, and thus 
the resulting simulated environment, is 
a function of the number of antennas 
used to create the boundary. Physical 
constraints such as physical size, re-
flections and mutual coupling limit the 

s Fig. 1  The OTA environment simulator isolates the area around 
the DUT and simulates everything outside that region.
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s Fig. 2  An array of antennas in an anechoic chamber simulate 
reflections from different directions and a channel emulator simulates 
the propagation of communication signals.
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s Fig. 3  Illustration of field structure produced by a perfect circular 
array (a), an array of 24 antennas on a 15° spacing (b), and an array 
of eight antennas on a 45° spacing (c).
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number of elements 
that can be used in 
the array. The cost 
of the channel simu-
lation required to 
drive each antenna 
may further limit 
the number of an-
tennas used. Since 
elevation behavior is 
of secondary inter-
est, typical imple-
mentations use a cir-
cular array arranged 
in a plane rather 
than a full spheri-
cal arrangement. 
Figure 3 illustrates 
the impact of angu-
lar resolution of the 
array on the qual-
ity of the simulated 
field structure. This 
translates directly to 
the size of DUT that 
can be tested for a 
given array relation-
ship.

SpAtIAL 
ChANNEL 
EMULAtION

Radios with mul-
tiple receivers are 
often tested in con-
ducted mode using 
channel emulators 
to apply appropri-
ate fading simula-
tion. In the most 
advanced cases, 
the channel models 
used contain infor-
mation on angles of 
departure (AOD) 
and AOA, as well 
as the antenna pat-
terns assumed for both the transmit 
and receive sides of the channel. Fig-
ure 4 illustrates such a case for a 2  
2 MIMO channel emulation. These 
spatial channel models can easily be 
adapted for OTA environment simu-
lation by modifying these models, as 
shown in Figure 5. 

The receive antenna information is 
removed from the model and instead 
the AOA spread information is used to 
feed the matrix of OTA antennas with 
a statistical distribution representing 
the various clusters within the model. 
The DUT is then free to use its anten-



dence that other target environments 
can be simulated with appropriate 
channel models, a number of system 
validation tests have been performed. 
These tests are intended to compare 
actual measured results with theoreti-
cally predicted behaviors based on the 
chosen channel model. Such tests in-
clude evaluating the quality of the test 
volume to evaluate chamber induced 

minimum field lev-
els could be applied 
to a target channel 
model, then the 
simplest approach 
would be to perform 
a simple pass/fail 
test on the device 
to determine if it 
could meet a target 
average throughput 
under those condi-
tions. However, that 
approach provides 
little information 
about the relative 
performance of 
devices. It is more 
likely that carriers 
will want to know the average power 
level that produces a target minimum 
throughput—essentially a through-
put-based sensitivity test or a MIMO 
TIS.

SyStEM VALIdAtION
To ensure that the system produces 

the desired field structures within the 
test volume, and thus to have confi-

s Fig. 4  A channel emulator typically simulates the entire propagation channel between a 
transmitter and receiver, including the behavior of the antennas on the DUT.
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s Fig. 5  For the environment simulator, the DUT antenna models are removed from the chan-
nel emulator and use the directional information from the model to feed an antenna array within 
the chamber with appropriate signals.
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way of creating a repeatable, repro-
ducible OTA multipath environment 
simulation that can mirror a wide vari-
ety of real-world environments.

SOME ExpERIMENtAL RESULtS
Data throughput is the logical met-

ric of interest of MIMO performance. 
Figure 6 shows the results of a set of 
throughput vs. attenuation (throughput 
vs. power) tests on an 802.11n access 
point that supports 2  2 MIMO. The 
data was acquired for a range of device 
orientations within the simulated en-
vironment. This was also compared to 
the device operation in SIMO mode, 
where only one of the two downlink 
channels from the reference device 
outside the chamber was enabled. 

The effect of MIMO behavior of 
the link is clearly visible over that of 
simple spatial diversity when in SIMO 
operation. For high signal to noise ra-
tio (SNR) regions, the throughput is 
considerably higher than that possible 
for a single channel. The variation in 
throughput as a function of device ori-
entation can also be seen. Note that 
this is not just radiation pattern varia-
tion, as the simulated environment is 
transmitting signals to the DUT from 
multiple directions simultaneously. 
This variation is a more complicated 
relationship that includes the cor-
relation of the antennas due to their 
spacing and orientation, in addition to 
their patterns. 

In addition to the obvious MIMO 
throughput performance, there are 
also notable differences in the per-
formance at low SNR when both 
transmit sources are active. While the 
general shape of the “waterfall” curve 
remains constant, the increase in gain 
over the SIMO case would indicate 
the presence of transmit beam form-
ing in this particular implementation. 
Otherwise, the low SNR portions of 
the curves would be expected to fol-
low the SIMO curves.

The curves contain a considerable 
amount of useful information about 
the wireless device’s overall perfor-
mance. However, this amount of de-
tail comes at the cost of test time. A 
variety of metrics may be extracted 
from the data. Wireless carriers or 
network designers will want to know 
the link budget necessary to maintain 
a certain level of throughput to the 
end user. If the network density was 
well defined, such that the expected 
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s Fig. 6  Tests of an 802.11n device in the multipath environment 
simulator show the difference between MIMO operation (upper 
curves) and simple RX diversity (lower curves).
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ripple, measuring the spatial correla-
tion across the test volume to verify 
the expected relationship, perform-
ing time domain analysis to evaluate 
the generated PDP, measuring the 
Doppler spread induced by the faded 
channel, evaluating the angular distri-
bution of the generated channel(s), 
and mapping the field distribution 
within the test volume.

s Fig. 7  Comparison of the theoretical 
field structure (a) and that generated in an 
actual environment simulator (b) for an eight 
antenna circular array.
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Figure 7 illustrates an example of 
the last case for an eight antenna sys-
tem with 45° spacing, where a preci-
sion sleeve dipole was rotated through 
the test volume on even angular steps, 
with 1 cm steps in radius between 
angular cuts. Since the linear spacing 
between points increases as the ra-
dius increases, the resolution is lower 
near the edge of the measured data, 
but the breakdown of the field pattern 
due to the coarse boundary condition 
is clearly visible. 

CONCLUSION
In evaluating MIMO performance, 

it is not sufficient to just create a test 
that can measure MIMO; the system 
must be capable of measuring MIMO 
in a way such that the results predict 
the expected performance experi-
enced by the user in everyday life. 
This requires a reconfigurable envi-
ronment simulator capable of gener-
ating a wide range of user scenarios, 
rather than static test systems that test 
edge cases that may never be seen in 
the real world. n

For more information on this topic, 
view the free, on Demand  Webinar, 
“Understanding MIMO OTA Test-
ing,” presented by ETS-Lindgren 
and EB on the Microwave Journal 
website at www.mwjournal.com/
MIMO_OTA_Webinar.


