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Abstract— Reverberation chambers usually exhibit low
values of the Rician k factor; this means that the stirred
component of the electromagnetic field is dominant with respect
to the unstirred one. To increase this parameter in order to
emulate propagation environments for 5G telecommunication
systems, usually lossy elements are added into the chamber. In
this way, the strength of the field inside the cavity decreases and
more amplification of the signal is needed. This paper shows
how to increase the Rician k factor by selecting a subset of
electromagnetic configurations without the insertion of
dissipative material. Successful results were obtained using
different typologies of stirring techniques, multiple monopole
source stirring, rotating paddles mechanical stirring, and
oscillating wall stirring.

Keywords: 5G new radio; reverberation chamber; Rician K
factor; statistical analysis.

L INTRODUCTION

5G is the new generation of the global telecommunications
network and represents an evolution in terms of performance
compared to previous generations, integrating the latter
progress in the ICT area [1] —[3].

The main novelty aspects concerning the previous
generation of communication systems are related to the
transmission speed of up to 1 Gbps, the density of users
served by geographical areas of up to one million connected
devices per km?, and the communication delays of up to only
1 ms.

On the other hand, 5G enables the realization of varied
application scenarios that before was not possible to achieve
with a single type of network.

With the 5G network, it is now possible to implement high
reliability and low delay communications, to interconnect
many sensors and actuators in a small physical space, and to
provide high-speed and high-density communications.

There is a consensus that 5G needs low bands for coverage,
medium bands for faster speeds covering a reasonable area
and high-frequency bands for the highest speeds. Currently,
the most used bands are [4]:

e Low-band: lower than 1 GHz;
e Mid-band: 1 to 6 GHz;
e High-band: 24 to 40 GHz.
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The new characteristics and potentialities of 5G systems
also pose an additional challenge to the over-the-air tests
performed to assess the performance of such systems. One
prominent example of a flexible and convenient environment
to perform such measurements is the reverberation chamber
(RO).

Propagation environments for 5G communication systems
can be characterized by values of Rician K-factor (K) on the
order of some units [5] — [9], while Reverberation Chambers
(RCs) have usually lower K values [10] — [11], because the
stirred component of the electromagnetic field should be
greater than the unstirred one to have good performances.

In order to increase K, usually lossy elements are inserted
into the RC, but in this way also the quality factor of the
chamber decreases, and more amplification is needed to
achieve the same level of the electromagnetic field inside the
RC.

Recently [12] a novel algorithm has been proposed to
increase the value of K without the need to increase losses.
The algorithm is based on the selection of the electromagnetic
field configurations, and it was demonstrated on a Multiple
Monopole Source Stirred (MMSS) RC. In [12], it was
claimed that the algorithm can be applied in theory on any
RC where the stir states are repeatable.

At this scope in this paper the method was applied to three
different typologies of RC: a Mechanical Stirred (MS) RC,
an Oscillating Wall Stirred (OWS) RC, and a MMSS RC.

The method and the Scenarios will be described in Section
IT and III respectively, whereas effectiveness of the method
and comparison among the result will be discussed in section
IV. Finally, conclusions will be discussed.

II. THE METHOD

The method [12] to increase the value of the Rician K-factor
is here briefly reported for sake of completeness.

It is based on the definition of K [10] as the ratio between
the direct and the scattered component of the power,
according to (1).
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where <-> means the average over all the samples.

Usually, RCs have values of K lower than the propagation
environment of the 5G communication systems. If we want
to increase K to reach the desired value K*, we must increase
the numerator and decrease the denominator of (1).

Let us consider the scatter plot of the S,; parameter related
to N realizations of the chamber, defined as the transmission
coefficient between the transmitting antenna and the
receiving one (S,1). The K is the ratio between the square of
their average and their covariance.

If we want to select a subset of M S,; values having a
greater K than the overall realizations, we must choose
among those elements whose, in the complex plane, have the
S,1 value distant from the origin of the axis and that are, at
the same time, close to each other.

In order to achieve the desired value of K, we define a
normalized distance dist(i, k) as the ratio e between the
distance of the k-th element from the i-th one and distance of
the i-th element from the origin of the axis in the complex
plane.
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For each i-th element it can be defined a subset S,;values
that contains all the elements having a normalized distance
lower than a reference normalized distance disty 5. The
lower is disty 4x, the higher is the corresponding value of the
Rician K factor.

We decrease the value of disty,x until we reach the
desired value of K*. Among all the subsets of S, values that
have a K factor greater than K*, the most populated is chosen.

More detail on the algorithm can be found in [12].

III.  SCENARIO

In this section the scenarios where the method was applied
are described: a multiple monopole source stirred RC, a RC
with one mechanical stirrer, and an oscillating wall stirred
RC. In all these scenarios the goal of the method is to increase
the Rician K factor over the threshold of K*=7 over all the
considered frequency ranges.

A. Multiple Monopole Source Stirred RC

The Multiple Monopole Source Stirred RC is a facility of
the Universita Politecnica delle Marche. It is a rectangular
cavity made of galvanized steel, having dimensions 0.8 m x
0.9 m x 1.0 m. The stirring action is achieved by inserting a
monopole antenna sequentially in each of the 120 holes
present in its walls (20 holes in each face), as shown in Fig.
1. Its first resonant mode is 225 MHz, and it has been
investigated theoretically [13], numerically [14] and
experimentally [15] in the frequency range 675 MHz — 6
GHz.

Fig.1. Monopole manually inserted into one of the holes of the chamber to
achieve the Multiple Monopole Source Stirring action.

The Rician K factor value of the empty MMSS RC is
reported in Fig. 2.
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Fig.2. Rician K factor of the MMSS RC in the frequency range 1-6 GHz

B. Mechanical Stirred RC

The same chamber can be equipped with the mechanical
stirring technique, rotating a Z-folded metallic paddle, as
shown in Fig. 3. The stirrer was rotated by 3° for a total of
120 stirrer positions.



Fig.3. Z-folded metallic stirrer used to achieve the Mechanical Stirring
action.

The measured Rician K-factor is reported in Fig. 4. As
already highlighted in [15], the K value in the same cavity is
higher using the MS rather than using the MMSS technique,
especially in the lower frequency range. This happens since
in the MS the stirrer becomes short in terms of wavelength,
while in MMSS varying the position of the transmitting
antenna, it is possible to stir also the quasi-static component
of the electromagnetic cavity, dominant at lower frequencies.
MS RC
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Fig.4. Rician K factor of the MS RC in the frequency range 1-6 GHz

C. Oscillating Wall Stirred RC

The OWS RC (Fig. 5) is a facility of the Eindhoven
University of Technology (TU/e) and has the dimensions
4.05m x 5.7m x 3.15 m (h).

This stirrer belongs to the class of mechanic mode stirrers,
and it is conceived as an interior metallic scatterer featuring
a complex geometry of a considerable size. Nevertheless, it
differs from most stirrers in the fact that it does not rotate, but
instead it oscillates. The modal structure in the RC is then
significantly perturbed by such movement thus achieving, in
the overmoded regime, statistical field uniformity.

More details on this OWS RC and on its performances can
be found in [16], [17].

Fig.5. The Oscillating Wall Stirred Reverberation Chamber

The measured Rician K-factor is reported in Fig. 6. This
room-sized chamber has dimensions larger than the MMSS /
MS RC described in the previous subsections, hence it was
investigated in a lower frequency range, from 100 MHz to 2
GHz.

OWS RC

Rician K factor

10

. . . | . .
800 1000 1200 1400 1600 1800 2000
frequency [MHz]

Fig.6. Rician K factor of the OWS RC in the frequency range 0.1-2 GHz
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IV. RESULTS

In this section, the results obtained using the proposed
method in all the considered scenarios are described. The goal
was to increase the Rician K factor to values greater than 7,
thus emulating a realistic propagation environment.

Two frequency bands reserved for 5G data transmission are
investigated. In particular, the band between 731 and 778
MHz has been chosen in the low band range for all the three
considered chambers. As regards the mid band range, the
MMSS and the MS RC were investigated between 3.27 and
3.80 GHz, used in Italy for data Frequency Division Duplex
(FDD) uplink and downlink [18]. The OWS RC was
investigated in the frequency range between 1920 and 1980
MHz, used for the UL 2100 (Supplementary Uplink) [19].

A. Multiple Monopole Source Stirred RC

The method has been applied to the MMSS for enhancing
the K-factor within the bandwidth 731 — 778 MHz and 3270



— 3800 MHz. To highlight the algorithm effect, Fig. 7 shows
the scatter plot of all the measured S, values and of the subset
selected by the proposed method for the frequency of 755
MHz when it is imposed that the Rician K factor should be
greater than 7. The number of configurations reduces to 23 in
this case and the obtained K-factor is equal to 7.0252.

MMSS, f=755 MHz
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Fig.7. Scatter plot of all the measured S,; values and of the subset returned
by the proposed method to have K*>7.

Considering the overall results of the application of the
algorithm, Figs. 8 and 9 show the obtained K factor in the
band 731 — 778 MHz and 3270 — 3800 MHz respectively. In
both cases the proposed algorithm works successfully, and
the Rician K factor is greater than 7 in all the frequency range.
From figures 8 and 9, it can also be seen the number of
configurations selected by the algorithm for all the
frequencies. They vary from 10 to 40 in the lower frequency
range and from 12 to 25 in the higher frequency range.
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Fig.8. Rician K-factor and Number of electromagnetic field configurations
selected by the algorithm in the frequency band 731-778 MHz.
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Fig.9. Rician K-factor and Number of electromagnetic field configurations
selected by the algorithm in the frequency band 3270-3800 MHz.

B. Mechanical Strirred RC

Figs. 10 and 11 show the results obtained by applying the
method to the S,; values, measured when the mechanical
stirring action is implemented.

Two considerations should be done: the first one is that the
method works successfully also with this kind of stirring
technique.

The second one is that the MS has higher values of Rician
K factor also considering all the 120 positions of the stirrer;
for these reasons the final subset of S, values selected by the
algorithm has more element respect to the case of MMSS
technique implemented.
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Fig.10. Rician K-factor and Number of -electromagnetic field
configurations selected by the algorithm in the frequency band 731-778 MHz
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Fig.11. Rician K-factor and Number of electromagnetic field configurations
selected by the algorithm in the frequency band 3270-3800 MHz

C. Oscillting Wall Stirred RC

The method was applied to the OWC RC. In this case the
number of stirrer positions is 100 and it represents 100
different positions of the oscillating wall, that changes its
geometry while it’s moving.
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Fig.12. Rician K-factor and Number of -electromagnetic field
configurations selected by the algorithm in the frequency band 731-778 MHz
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Fig.13. Rician K-factor and Number of electromagnetic field
configurations selected by the algorithm in the frequency band 1920-1980
MHz

The target of a Rician K factor greater than 7 is reached both
in the low (Fig. 12) and the mid (Fig. 13) frequency ranges.
The number of the selected field configurations is comparable
to the ones retrieved using the other considered stirring
technique.

V. CONCLUSIONS

In this paper, it was experimentally validated the idea of
tuning the Rician K factor of a reverberation chamber by
selecting a proper subset of electromagnetic states.

The main advantage respect to the state of the art is that it
is not necessary to add lossy elements, thus reducing the cost
of the amplifier.

The main limitation is that the subset of electromagnetic
states used to reach the goal varies with the frequency, thus
affecting measurement times.
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