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Abstract—Reverberation chambers (RC) have been widely
used to perform Electromagnetic Compatibility (EMC) testing
due to their statistically uniform, isotropic, and well-scattered
fields. Recently, because they can emulate realistic multipath
propagation environments and provide repeatable test environ-
ments, their use in wireless device testing has increased rapidly.
However, as the operating frequencies of wireless devices increase,
it becomes essential to study and characterize RCs at these
frequencies. This paper presents the characterization of a 60 GHz
RC for millimeter-wave (mmWave) wireless testing through key
metrics such as the quality factor (Q) and the Rician K-Factor,
highlighting the differences with respect to lower frequency
ranges. The testing on a real device confirms the results obtained
during chamber characterization.

Index Terms—Quality factor, K-factor, reverberation chamber,
multipath, wireless device testing, 60 GHz

I. INTRODUCTION

Reverberation chambers (RC) are electrically large metal
cavities whose electromagnetic field is statistically uniform,
isotropic, and randomly polarized by applying proper stirring
techniques [1]. Over the last few years, interest in reverbera-
tion chambers and their use in electromagnetic compatibility
(EMC) testing has increased rapidly. Standardized procedures
and practices for commercial use of these environments are
described in the international standard IEC 61000-4-21 [2],
which outlines four types of tests: radiated immunity, radi-
ated emission, shielding effectiveness, and antenna efficiency
measurements [3] [4] [5] [6]. In addition, RC has been
widely proposed as a testing environment for wireless and
communication systems [7].

Testing of wireless devices inside these cavities has in-
creased rapidly due to their ability to support multiple reflec-
tions (and create multipath signals), stress the device under
test, and mimic real propagation conditions [8]. However,
due to the higher bandwidth requirements of 5G and 6G
wireless devices [9], there is a strong need to characterize
the chamber at high frequencies by means of traditional [10]
or new performance indicators.

In [11] a small chamber at 60 GHz for animal exposure
testing is described, but it is not applicable for wireless
device testing due to its small size. Other studies have already
confirmed that reverberation chambers are a promising method
for Over-the-Air (OTA) testing of 5G devices up to 40 GHz
[12] and that they are accurate for testing the 5G FR2 band of
user equipment [13], even in very hostile environments [14].
In the present study, we focus on the characterization of a
large RC (60 m3) at 60 GHz, able to host real-life devices in

different propagation conditions, also including line-of-sight
(LOS) and non-line-of-sight (NLOS) situations.

Our goal is to describe the chamber based on the quality
factor (Q) and the Rician K factor. This analysis will help
to fully understand the behavior of a reverberation chamber
around this frequency. To achieve this, the paper is organized
as follows: First, we provide an overview of our experimental
setup and the reverberation chamber used. We then character-
ize it using two metrics: the Q-factor and the Rician K-factor.
Finally, to validate the characterization results, measurements
using commercial wireless devices operating at 60 GHz are
conducted.

II. THE REVERBERATION CHAMBER

The Reverberation Chamber used in the present study is a
rectangular metallic cavity fabricated from galvanized steel,
with dimensions of 6 × 4 × 2.5 m3. A door of 200 cm × 95
cm is placed in one of its side walls. Field stirring within
the chamber is accomplished through a mechanical stirrer
mounted along a horizontal rotational axis, comprising eight
irregularly shaped metallic plates. The chamber dimensions
are designed to accommodate both transmitting and receiving
wireless devices within the working volume during testing.
The measurements are performed using a vector network
analyzer (VNA) positioned inside the chamber. The reasoning
behind this is that the cables used to connect the VNA to the
antennas exhibit an attenuation of 10 dB/m. By positioning the
VNA inside the chamber, only two cables are required, thereby
minimizing losses and ensuring sufficient dynamic range for
S-parameter S21 (transmission coefficient) measurements. The
complete setup is illustrated in Fig. 1.

At the test frequencies of approximately 60 GHz, the RC
operates as an electrically large cavity, whose dimensions are
significantly large relative to the wavelength (λ ≈ 5 mm).
Furthermore, the presence of the VNA within the chamber
introduces some loading, which can emulate the presence of
the transmitting and receiving devices during realistic testing
conditions. Consequently, during the test reported in section
IV, the VNA will be removed and substituted by the access
points.

III. RESULTS

The quality factor is a critical parameter for characterizing
reverberation chambers, as it describes the chamber’s ability
to store energy. It determines the electromagnetic field level



Fig. 1. The test setup used for the 60 GHz measurements in the RC.

Fig. 2. Quality Factor of the reverberation chamber around 60 GHz, calculated
using S21 parameter.

established within a well-stirred reverberation chamber for a
given input power [15].

Several measurement techniques for evaluating the Q-factor
have been proposed in the literature, mainly categorized into
frequency-domain and time-domain methods [16].

In this study, the Q-factor is evaluated using frequency-
domain techniques based on equation 1 [2], including antenna
efficiency corrections to account for real antenna losses.

Q =
16π2V

ηTxηRxλ3
< |S21|2 >, (1)

where V is the chamber volume (m3), λ is the wavelength
(m), ηTx and ηRx denote the total antenna efficiency factors
for the transmitting and receiving antennas, respectively, and
the angular brackets 〈 〉 represent the averaging operator
over stirring positions and frequencies [15]. The results are
reported in Fig. 2. The quality factor related only to the stirred
component Qst, is obtained by substituting S21 with its stirred
component Sst

21 in equation 1, where Sst
21 is given by equation

2.
Sst
21 = S21− < S21 > . (2)

Fig. 3. Rician K-Factor values around 60 GHz.

The results indicate a good quality factor around 60 GHz,
with high values ranging between 1 · 105 and 5 · 105. This
emphasizes that the RC has good capability of storing energy
around this frequency. An averaged value for both the total
Q-factor and the Q-factor related to the stirred component
is calculated for each frequency ranging between 61.5 GHz
and 64 GHz. It is important to note that there is a significant
difference between these parameters, which differs from what
is typically observed at lower frequencies [17].

Another important parameter in characterizing the RC and
understanding if it is imitating a wireless propagation envi-
ronment, is the Rician K-factor. This parameter describes the
ratio between the unstirred energy and the stirred one. Inside
the RC, it can be determined as the ratio between the power
of the direct path and the power of the scattered components
[7] as described in the equation below:

K =
(|< S21 >|)2

(|S21− < S21 >|)2
, (3)

where the angular brackets represent the averaging operator
over all chamber field realizations. For wireless testing, it
is important to note that a high K-factor value is required
to replicate realistic propagation environments for the device
under test [18]. The results are shown in figure 3.

The average K-factor across 61.5 GHz - 63.5 GHz range
is shown by the solid blue line, while the per-frequency K-
factor values are shown as dotted lines. The graph indicates
K-factor values varying from 0.16 to 9 over the 61.5 GHz
- 63.5 GHz range. For comparison, in lower-frequency RC
studies (e.g., 0.4 GHz – 2.4 GHz), the reported Rician K-
factor is typically between 0.05 - 1.5 [8]. This means that at
60 GHz, the stirred field has lower weight, and the multipath
effect is enhanced. This improves the reproduction of complex
real-life environment for wireless device testing.

To further assess the chamber’s behavior at 60 GHz, we
performed a set of experiments to quantify the total quality
factor and the quality factor of the stirred-field component
(Qst) by modifying the chamber loading. Figure 4 compares



Fig. 4. Total quality factor and stirred component (Qst) measured for five
different scenarios.

Tx Antenna

Vertical
Stirrer

Rotation
Speed (ω)

Horizontal
Stirrer

Metallic
Box

Pos. 1

Pos. 3

Pos. 2
Rx AntennaVNA

port #1
port #2

door

Fig. 5. Measurement scenario, including losses positions

Q and Qst under different conditions: with the chamber door
closed, with lossy loads (one VHP-8-NRL absorbing panel)
placed at three different locations inside the chamber (see
Fig. 5), and with the door open.

Overall, the Qst values are consistent across all configu-
rations (≈ 0.5·105), whereas the total Q varies significantly.
This suggests that, at 60 GHz, the stirred field is almost
unaffected by lossy objects or open door, in contrast to the
total field quality factor. We observe that the highest Q-
factor is measured in the door-open condition, where Qst is
approximately 0.6 · 105 and the total Q is 4 · 105.

By inserting a lossy object into the chamber and varying
its location, we observe that object placement at 60 GHz
significantly influences the chamber’s total quality factor.
Positioning the load at location 2 nearly doubles the total
Q, whereas the stirred-field quality factor remains almost
unchanged [19] [20]. A second important observation arises
when the chamber door is left open. The expectation is a
reduced Q relative to the closed-door condition due to the
increased energy leakage from the chamber. However, the
opposite behavior is observed: the quality factor increases
while the Qst remains almost constant. The open door allows

Fig. 6. Measured S21 parameter for door open and closed conditions at a
stirrer rotation speed of 1°/s.

unstirred components to escape through the aperture, reducing
their contribution to the measured S21. This increases the total
Q, while Qst remains almost constant at approximately 7 ·104.
This interpretation is supported by S21 measurements for both
scenarios, shown in Figure 6.

During the stirrer rotation, there are many time slots where
the open-door S21 is higher. It is important to note that the RC
is not operating as expected. There is a significant difference
between the total Q and the Qst, despite the fact that the RC
is operating at a very high frequency, where a large number
of modes are excited. While this deviates from the ideal
Rayleigh environment required for EMC standardized testing,
the high Q values demonstrate rich multipath propagation.
This aspect is further confirmed by a lower stirring ratio with
respect to lower frequencies in the same chamber [8]. This
environment may therefore be suitable for testing wireless
devices that operate in real-world environments containing
high multipath components. In the next section, we validate
this characterization by testing wireless devices operating at
60 GHz inside this environment.

IV. TEST ON REAL WIRELESS DEVICES

To further validate the chamber characterization at 60
GHz, the measurements were repeated using two commercial
wireless devices operating at this frequency. A V1000 [21]
fixed wireless node (acting as a transmitter) and a V5000 [22]
distribution node (acting as a receiver), both shown in Figure 7,
replacing the test antennas and the VNA, and positioned in
a non-line-of-sight configuration. The complete experimental
setup is shown in Figure 8.

The parameter used to validate the characterization results
shown in the previous section is the Received Signal Strength
Indicator (RSSI), which quantifies the power of the wireless
signal received by the device. In our case, it indicates the signal
strength received by the V5000 when the V1000 transmits at
a fixed power of 13 dBm. Tests were performed under four



Fig. 7. V1000 fixed wireless node (a) and V5000 distribution node (b)
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Fig. 8. Experimental setup of the RC operating at 60 GHz with two wireless
devices positioned in non-line-of-sight (NLOS) configuration.

conditions: the stirrer rotation speed was first set to 10 degrees
per second, and measurements were taken with the RC door
open and closed. The experiment was then repeated with the
stirrer rotation speed set to 2 degrees per second. The RSSI
measurements for stirrer speeds of 2°/s and 10°/s are shown
in Figures 9 and 10, respectively.

Fig. 9. RSSI measured over time for door open and closed conditions (stirrer
speed: 2°/s).

Fig. 10. RSSI measured over time for door open and closed conditions (stirrer
speed: 10°/s).

When the stirrer speed is increased to 10°/s, both configu-
rations (door open and closed) show significant RSSI fluctua-
tions. However, it can be observed that when the door is closed
the time intervals with an higher RSSI value exhibit a lower
duration. This behavior is due to a highly dynamic multipath
environment inside the RC, which causes significant variations
in the received signal strength [23]. The more dynamic the
environment, the greater the fluctuation – a relationship further
confirmed by the increased variation observed at the higher
stirrer rotation speed. Two important conclusions can be drawn
from these results: First, the operation of the reverberation
chamber at 60 GHz creates a rich multipath environment
that stresses the wireless device, producing deep fluctuations
in received power similar to those experienced in real-world
multipath environments. This is further supported by the mea-
sured Q-factor and K-factor values presented in the previous
section. Second, the door-open scenario and the corresponding
RSSI measurements validate the S21 measurements from the
previous section. Specifically, opening the door increases the
time-averaged RSSI (analogous to the increased S21).

V. CONCLUSION

In this paper, we have characterized a reverberation chamber
operating at 60 GHz for wireless device testing by measuring
the S21 parameter and calculating the Q-factor and the Rician
K-factor of the chamber. We have concluded that reverberation
chambers operating at 60 GHz can provide a rich multipath
environment for wireless device testing, achieving a high Q-
factor (Qst ≈ 7·104 and total Q ≈ 2.75 · 105). However, the
chamber contains a large number of unstirred components,
indicated by elevated K-factor values and a large difference
between the total Q and the stirred Qst. The environment
is also highly sensitive to object positioning and exhibits
unusual behavior when introducing large apertures, such as
opening the RC door. The total Q-factor increases, while Qst

remains almost constant, which is not the expected behavior



for well-stirred RCs. Nevertheless, the environment is suitable
for stressing the wireless device under test, creating a realistic
multipath environment similar to real-world scenarios. This is
also supported by RSSI measurements with commercial 60
GHz devices.

In future work, we intend to conduct additional measure-
ments to investigate the impact of object positioning when the
chamber door is open. Unlike traditional EMC tests, where
results are typically expected to be insensitive to objects posi-
tioning, replicating real-life propagation environments requires
the RC to deviate from the ideal behavior. Furthermore, a
comparison with lower frequency ranges is planned, with the
aim of defining specific performance indicators for the use
of reverberation chambers in millimeter-wave testing. This
analysis will also include an accurate check of field statistics
in terms of distribution and correlation.
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