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Abstract  Testing of wireless devices and systems is becoming increasingly important in the technological 

development of Long Term Evolution (LTE) and 5G mobile networks. Both mobile and base station manufacturers 

are interested in assessing system performance and user perceived quality in realistic propagation environments, 

including indoor and outdoor conditions. Real-life electromagnetic environments exhibit rich multipath 

propagation and a strong attenuation of the wireless signal over the propagation channel. Emulating those 

conditions in anechoic chambers requires the careful arrangement of many interference sources in multiple 

configurations, which leads to complex and time-consuming measurements. The reverberation chamber (RC) is a 

metallic cavity where the signal created by a single source is reflected and diffused to create multipath fading. This 

paper gives an overview of how an RC can be tuned to emulate channel parameters, e.g., power delay profile, time 

delay spread, coherence bandwidth and Rician K-factor, of real-life environments  The addition of absorbing 

material inside the RC allows for varying those parameters, thus recreating line of sight  and imperfect propagation 

conditions experienced by the user equipment (UE). Compliant electromagnetic compatibility downlink and uplink 

tests are shown for selected  MIMO configurations as well as for Internet of Things devices. The tests are carried 

out using a commercial base station connected to the live national mobile network of a mobile operator. Evaluated 

network parameters are throughput, signal to noise ratio, modulation schemes and other settings of both the base 

station and of the UE to assess the quality of the digital communication. 

 

1 INTRODUCTION  

 

Reverberation chambers (RCs) are resonant enclosures that operate at a frequency where a large amount of 

modes are excited at the same time. This overmoded condition contributes to the establishment of a field inside 

the chamber that is statistically uniform, isotropic and without a preferable polarization [1]. The stochastic 

nature of the RC’s electromagnetic field [2] is useful in electromagnetic compatibility (EMC) testing [3], 

material characterization [4] also including shielding effectiveness [5] antenna characterization [6] -[7], and for 

the assessment of human exposure to electromagnetic fields [8]. Assuming wireless communication systems 

operating into a real environment, they face very complex propagation conditions, made of many reflections 

that can become strongly uncorrelated in urban and indoor environment, due to the presence of moving 

scattering objects and people. These real propagation conditions are more similar to what happens inside an RC 

w.r.t. an anechoic chamber adopted in classical tests. RC is used to reproduce different propagation 

environments by controlling the multipath amount [9], [10] and radio with no unwanted effects of external 

interfering signals. The emulation of a Rician environment can be done by a single [11] or coupled RCs [12] -

[13], also accounting for the antenna behavior in this kind of propagation [14]. The multipath degree of the RC 

is varied by inserting absorbing materials, so tuning it from a typical indoor environment up to an extreme 

reflecting place [15]–[16]. Beside the classical characterization of the RC statistical properties [17]–[18], in 

order to correctly perform  wireless tests, e.g. about devices or propagation condition and so on,   it is required 

a different assessment for the uncertainty components [19]–[20]. Moreover, the adopted stirring method [21] 

influence the uncertainty, so suggesting the development of new stirring techniques [22].  

Complete over-the-air (OTA) tests are carried out [23]-[24] on wireless local area network [25], for OTA testing 

on long term evolution (LTE) terminals [26]-[28] and real base station (BS) to check terms of throughput (TP) 
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under hostile conditions in both downlink [27] and uplink [29] directions. The RC can also be successfully used 

to replicate user quality perception on board of high speed train [30]. In fact, inside high speed train coaches, 

each of them similar to a metallic enclosure, there are a large number of terminals that operate simultaneously. 

They share the connection to the BS with a relatively very high velocity that introduces a Doppler shift effect 

too. 
 

2. REAL LIFE PROPAGATION CHANNELS 

 

A real life wireless communication scenario is made by many reflections. Those reflections create very complex 

propagation conditions. Reflections are generated by different sources, e.g. buildings, cars, walls, etc, and by 

different phenomenon, see respectively Fig .1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Real life multipath propagation channel. 

 

From an electromagnetic point of view, this complex scenario gives rise to a multiple excitation of the user 

equipment (UE) due to a summation of signal delayed in time and having a different shape according to what 

they encounter during the flight between the BS and the reception point. 

In the frequency domain, this means that the signal received at any point in the environment might be thought as 

the summation of a direct link between the BS and the UE plus the presence of many other contribution due to the 

reflection, diffraction and scattering determined by objects having different conductivity and shape. 

The combination of a direct signal between the transmitting antenna, line-of-sight (LOS), and a scattered 

component, non-line-of-sight (NLOS), determines a particular characteristic of the received signal. It is 

characterized by strong time and space fluctuations with respect to a mean value [32]. 

In a rural environment, the BS is usually in LOS, therefore the direct component is stronger than the diffused one 

and deep minimum are less likable. On the contrary, in an urban situation the probability to have a visibility on 

the BS is lower, and the field is largely given diffused component due to buildings, buses, cars and so on. In that 

situation, the multipath components may combine in phase and out of phase so giving deep signal minima. 

Moreover, in an urban environment the UE faces a dynamic condition due to moving reflecting objects, as well as 

when the UE is on board of cars or trains. The balancing between the LOS and the NLOS component is defined 

by the so called Rician K-factor [33]. 
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In this conditions, the probability distribution function of the collected received signal samples yields a Rician 

distribution [11] 
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where �� ��� + ��� is a Cartesian field component made of a scattered contribution ��� plus a direct one ��� , 

and the scattered contribution is made by a real and an imaginary part both normally distributed with equal 

variance �2 and uncorrelated to each other, ��� ���� + !����  . � is the modified Bessel function of zero order. 

 

 

It is characterized by two parameters which reflect the definition of the K factor 
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Given these propagation characteristics, testing wireless devices in a reflecting environment becomes of practical 

importance [34]. 

Emulating those conditions in anechoic chambers requires the careful arrangement of many interference sources 

in multiple configurations, which leads to complex and time-consuming measurements. In fact, an approximation 

of the real life situation is achieved by adopting a limited number of delayed taps, as suggested by Standards [35, 

table B2-1-1-1], whereas the RC provides infinite taps with whatever amplitude and delay at a lower cost. 

 

3 REVERBERATION CHAMBER 

The multipath propagation characteristic of a real environment is intrinsically available inside an RC. It is an 

electrically large cavity, whose highly reflecting walls generate a rich multipath propagation for a launched 

signal, Fig. 2. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 Figure 2: Multipath propagation in an RC. The rotating stirrer acts on the amount of the scattered 

component. 

 

 

 

Due to the large amount of excited modes, the receiving antenna can be exposed to different field levels  

according to its position inside the chamber, as happens for a UE in a real environment, Fig. 3 [37]. The figure 

also shows in the inset the electric field amplitude pattern computed at 1 GHz: the chaotic nature of the field 

spatial variation is evident through the colored map. 
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Figure 3: A 6 x 4 x 2.5 " reverberation chamber equipped by a LTE base station, MIMO transmitting antennas, and 

equipment under tests. The inset shows the field chaoticity within the RC [36]. 

 

An example of the capability of the RC to replicate real conditions can be found in [30 (Fig. 5)], where the 

signal fluctuations measured on board a high speed train were compared to those obtained inside an RC for a 

chosen stirrer rotating speed, Fig. 4. Fluctuations exhibit a similar excursion and a similar random behavior. 

 

 
   

 

 

Fig. 4. UE received signal fluctuations inside a high speed train coach for different positions (colored lines) 

compared to that reproduced inside an RC by a proper stirrer rotating speed (dashed black line). Curtesy from 

[30] 
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RC is widely used for EMC tests. The RC provides a statistically uniform, isotropic and depolarized field within 

a defined region, called working volume [1]. These properties are achieved after a proper stirring process able 

to change the field characteristics in each chamber location according to a prefixed distribution function. In that 

way, the device under test can be kept at a fixed position and exposed to variable field levels.  

The stirring action can be accomplished by mechanical methods or/and electronic methods. Mechanical stir ring 

is obtained by rotating metallic paddles or by moving or vibrating the chamber walls. Electronic stirring can be 

done by varying the frequency and or the amplitude of the injected signal or by changing the position of the 

transmitting antennas. A comprehensive description of main stirring methods can be found in [38]. 

The goodness of a RC for EMC tests is checked by computing some performance indicators capable to quantify 

the amount of uniformity and randomness of the field under the adopted stirring action. A list of typical 

performance indicators and their typical values can be found in [39]. 

Each Cartesian component of the field inside a well operating RC has a real and an imaginary part normally-

distributed  with zero mean value, equal variances and uncorrelated with each other. As a consequence, the 

amplitude of each Cartesian component, for example Ex, has a Rayleigh distribution when field samples are 

collected over a complete cycle of the stirring process (mechanical or electronic) [2],  [7], [11] 
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For EMC testing, this can be accomplished by reducing as much as possible the direct path visible in Figure 2, 

by a proper positioning of the TX antenna and of the stirrer. On the contrary, for wireless device testing the 

direct path is restored. This is a key aspect, because the RC is intrinsically characterized by a rich multipath, 

but the  probability distribution function of each propagating environment differs from each other. Therefore, 

in order to use an RC for testing wireless system it is necessary to degrade its performance passing from an

ideally operating chamber to a non-ideal one described by a Rician distribution [32]. 

The Rician K-factor inside an RC can be tuned from very low levels (order of 10-2 for a good RC) to higher 

values similar to what encountered in realistic propagation environment. This is done by varying the ratio 

between the direct component and the scattered one. To do that, different actions can be taken according to the 

following simple relationship [33], [40] 
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where V is the chamber volume, Q is the chamber quality factor, D is the antenna directivity, r is the distance 

between the transmitting and receiving antennas, and λ is the wavelength at the operating frequency. 

An example of RC set up where the K factor is tuned to a wanted value is shown in Fig. 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: A typical outdoor antenna element for the 800 MHz and 1800 

MHz LTE band brings a base station signal inside the RC. It is located a 

distance r from the UE (a dongle connected to a notebook), and some 

absorbing pyramidal and planar absorbers are put inside the RC. 
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The antenna orientation can be changed to vary the directivity toward the UE, to vary the amplitude of the direct 

illumination. The distance between the antenna and the UE can be varied to reduce or to increase the direct 

component. Finally, the addition of absorbing materials reduces the chamber quality factor.  

As an example, Fig. 6 reports the quality factor computed for an RC having dimensions 6x4x2.5 m3 equipped 

by a vertical z-folded stirrer, as function of the number of inserted absorbers and according to [37], [41 ], see 

Table I: 
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where ;��
<� is the net power delivered to the RC, ;���  is the power received by an antenna located in the 

working volume, <.> refers to the ensemble averaging over N samples during a stirrer rotation, =>�, =?� are the 

antenna efficiencies of the adopted antennas, � is the wavelength and V is the volume of the RC.  

 

 

 
 

 

 

Figure 6: Quality factor of the reproduced scenarios that are reported in Table II. EC means “empty  chamber”, 

ML means “medium load”, HL means “High load”, VHL means “very  high load”, and UHL means “ultra high 

load”. They  are obtained by loading the RC with absorbing material [29], [37], Table I. 

 

Table I: The different RC loading conditions are achieved by adding absorbing materials provided by 

Emerson & Cuming. 

  VHP�18�NRL VHP�8�NRL ANW�77

ML 0 2 0

HL 0 2 5

VHL 4 8 4

UHL 4 10 8

 

 

The corresponding K  factor values are reported in Fig. 7. 
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Figure 7: K-factor of the reproduced scenarios. A sliding window over 400 frequency point has been applied to 

better highlight differences among the various loading conditions. 

 

 

It is therefore clear how an RC can be tuned to replicate a real situation. Other parameters of interest for the 

characterization of a wireless propagating environment are the power delay profile (PDP), the time delay 

spread �, and the coherence bandwidth @�. 

The PDP is obtained by averaging the impulse response of  the chamber h(t) over the N stirrer rotation. 
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The PDP describes the energy decay in the propagation environment. The first and second moments, 

corresponding to average delay spread (FG�) and root mean square delay spread (F�	�) respectively, are 

useful parameters to describe propagation conditions [42] 
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A similar definition is possible in the spectral domain, which leads to the coherence bandwidth of the wireless 

propagation channel [43]. A well operated RC develops ergodicity that would result in a band-pass filtering 

effect given by the Lorentzian response of the RC cavity. The connection between the width of the Lorentzian 

and the average coherence bandwidth of a wireless channel has been explored in [44], also accounting for the 

non-uniform spectral overlap of the cavity resonances as mechanical mode tuning is performed to create 

dynamical multi-path fading. This creates a deviation from the Lorentzian response that is more pronounced for 

low modal overlapping, which is reported in Fig. 8, where the probability density function of the coherence 

bandwidth is parameterized with the average number of overlapping environment resonances. Figure 8 is 

extracted from [44] by courtesy of the authors. The dependence of the local number of overlapping resonances 

has a non-trivial dependence on frequency and losses [45]. 
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Figure 8: �ormalized  robabili�� densi�� ��nction �� 	/
 ��r � �avi�� t�des (Curtesy from [44]).

Figure 9 shows the PDP which is tunable by adding absorbers within the RC, Table I. Those absorbers can be 

placed both on the floor and on the walls. Their number and placement differently affect the overall behavior 

of the RC [37], [46]. It is therefore clear how an RC can be tuned to replicate a real situation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Power delay profile for the reproduced scenarios. They are obtained by loading the RC with absorbing material

[29], [37], Table I.
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The time delay spread obtained in the RC, many are reported in Table II, are comparable to those recommended 

by the standard for the laboratory replication of typical environments [47]. 
    

   Table II: Time delay spread of the emulated scenarios. 

Scenario Time delay spread (ns) 

Empty chamber (EC) 1347 

Medium load (ML) 370 

High load (HL) 163 

Very high load (VHL) 67 

Ultra high load (UHL) 54 

    

The coherence bandwidth @� is a frequency domain parameter which define the band over which  frequency 

component experiences to the same propagation conditions and similar fading. It is directly related to the root 

mean square delay spread [39], [48]-[49]. On the contrary, in case of large band communications such as the 

4G or 5G LTE signals, the usage of very large bandwidth exposes many channel carriers to very different fading 

conditions because their distance is larger than @�. Figure 10 reports the computed @� values for the above 

described RC loading conditions. 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Coherence bandwidth for the reproduced scenarios that are reported in Table II. They are obtained by loading

the RC with absorbing material.
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Finally, the measurement uncertainty inside an RC is a well assessed issue [3]. In particular, it is related to the 

number of statistical uncorrelated chamber realizations which depends on stirrer geometry and efficiency [50], 

[51]. For our chamber, and for the adopted measurement conditions, the residual uncertainty is less than +/ - 1 

dB. 

 

 

4. TESTING OF REAL OPERATING BASE STATIONS 

As anticipated above, the RC has been used to replicate real propagation conditions of a 4G LTE cellular 

network and verify their impacts (synthesized through tuning the RC parameters mentioned above) over the 

performances perceived by the end user. A 4G LTE base station (here after also referred as an evolved -nodeB, 

(eNB) has been connected to a radio antenna transmitting inside a reverberation chamber as described in chapter 

3. In order to verify the impacts of the replicated propagation environments on LTE performances, first of all 

some key performance indicators (KPIs) should be considered as a metric to measure the user's perception of 

quality. As the LTE technology is entirely packet-switched (that means: no permanent connection between two 

end points: the resources are assigned as the packets run through the network, following an on-demand 

approach) the most important of these KPIs is throughput, to be measured both in uplink (from UE to network) 

and downlink (from network to UE). This applies specially to wideband LTE non real time bearers (which 

support applications like FTP, web browsing, mails, etc.) where the entire cell bandwidth, or a big part of this, 

could be used by a single UE. A standard LTE terminal may use indeed up to the entire bandwidth configured 

for the serving cell, 20 MHz or more, if connectivity through multiple carriers - so called carrier aggregation 

(CA) - is supported. Nevertheless, the LTE technology is also designed and specified by 3GPP to support also 

the transmission of internet of things (IoT) applications, which require, in contrast, a very limited band to 

support the machine-to-machine communication and the transmission of few bytes of data toward sensors and 

smart-meters. In this case, the most important KPIs are service availability, battery draining, round trip time 

(RTT), and packet loss. Voice over LTE (VoLTE), and video over LTE (ViLTE) services (as opposed to other 

technologies like 2G (GSM) and 3G (UMTS) when implemented in LTE are also packet-switched. For these 

kinds of services, the most relevant KPI is the dropped-call rate (DCR) and the perceived quality of voice, or 

mean opinion score (MOS). The MOS provide the level of intelligibility on a scale from five (excellent) to one 

(very poor). All these KPIs are summarized in Table III. 

 

 

 

  Table III - main KPIs for the evaluation of the LTE performances in RC. 

Bearer Relevant KPIs 

Non real time wideband Throughput [Mbps] 

Non real time narrowband (IoT) Service availability [%] 

RTT [ms]                      

packet loss [%] 

VoLTE, ViLTE DCR [%]                  

MOS [1,..,5] 

 

 

 

Another topic to be considered when testing cellular networks is the impact of the propagation environment

over the quality of the radio signal. To exploit this, several parameters have been defined to provide metrics for 

the evaluation of radio quality. Certainly, these parameters could be considered also when a radio signal 

propagates inside a reverberation chamber:  

 

 received signal strength indicator (RSSI) is the total wideband power received by the UE (in downlink 

direction) or by the base station (in uplink direction). It includes all possible contributions to the 

received signal, included pilot symbols, traffic, interference and noise; 

 reference signal received power (RSRP) is the average power of the pilot symbols of the LTE signal 

transmitted in downlink direction (to the UE). Additional information can be found in [52]; as these 

symbols are spread throughout the whole band, this indicator could be meant as a measure of the 

power spectral density of the LTE signal, as it is received by the UE, when no other traffic is present;  



 

,

 reference signal received quality (RSRQ) is the ratio between RSRP (scaled-up to the entire 

bandwidth) and the RSSI. Thus, it provides indications on the amount of cell load. See [52] for further 

details; 

 signal to interference noise ratio (SINR) is the ratio between the wanted part of the signal and the 

sum of interference and noise; 

 channel quality indications (CQI) dimensionless measurement of air interface quality performed by 

UE and reported to the base station for link adaptation purposes; 

 block error rate (BLER) is the rate of transport blocks received with errors, or never received, which 

are negatively acknowledged by the UE in an automatic request for re-transmission process (HARQ); 

 modulation and coding schemes (MCS). The LTE BS decide how much a transport block 

transmission should be protected based on feedback received by the UE and BLER requirements. 

The higher is the protection of one TB, the more robust is the transmission, but the lower is the 

amount of information that could be sent on it. The protection level, together with the chosen 

modulation, identify the modulation and coding scheme [29]-[30] concept, which is defined for each 

transport block that is transmitted.  

 

Those parameters will be used to better quantify the impact of multipath propagation on performance. For 

example, the insertion of absorbing panels causes a reduction on the RSRP as part of the energy is absorbed. If 

different multipath conditions are set up via the introduction/removal of absorbing material, one good approach 

is to compensate the introduced variation in RSRP via attenuators, in order to run the tests at different multipath 

conditions, but with same RSRP level, isolating this way the unique effect of multipath. This approach has been 

followed during a test campaign where two different loading conditions were envisioned for the RC: in the first 

condition, the RC was empty, so a totally reflecting resonant enclosure (empty load in the picture below). In the 

second case, the chamber was filled with some absorbing panels, in order to reduce the amount of multipath, 

reaching a loading condition referred as "high load" in Fig. 11: 

 

 
Figure 11: Downlink throughput measured at RSRP = -105 dBm, with high load (typical multipath for 

indoor propagation) and empty chamber (very rich multipath). 

The reason of the low throughput is the poor radio signal condition where the test has been executed (RSRP = -

105 dBm). This high load condition is proven to replicate the same propagation condition (Q-factor, power-delay-

profile, K-Rician factor, and coherence bandwidth) of a typical cellular network radiating in outdoor environment 

and was obtained by inserting 2 absorbing anechoic panels + 5 absorbing planar panels as referred in Figs. 6, 7, 9, 

10.  

From the picture, it is noticeable the effect of an environment rich in multipath on the overall throughput 

performances, while maintaining the same signal strength (RSRP). Multipath cause a throughput reduction from 

12.5 Mbps down to 9 Mbps - almost 30%. 

Similar study could be performed for the uplink direction, where the UE sends data to the eNB, which sends 

data to the eNB, which receives it using different reception diversity schemes. One of the most efficient 

reception schemes is the coordinated multipoint, where the UE transmits toward a serving cell and a neighbor, 
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non-serving cell, and the signal received by the neighbor cell (that would be normally treated as interference) 

is combined with the signal received by the serving cell in order to maximize the SINR. The concept is 

expressed in Fig. 12: in this scenario, the neighbor  cell is also called "helper cell", as it gather its contribution 

of the signal transmitted by the UE and sends it to the serving cell for a final combining.  

 

 

 

 

 

Figure 12: Coordinated multipoint concept.

 

 

It should be highlighted that both cells already implement their own reception scheme which is based on 

diversity. For a single cell, normally two types of reception schemes exist: the Maximum Ratio Combining 

(MRC), which is unaware of interference, thus it is aimed to increase the signal-to-noise ratio, without 

capabilities in interference-rejection, and the interference rejection combining (IRC) which is able to equalize 

the interference if it comes from well defined directions. The coordinated multipoint reception is built "on 

top" of this latter reception scheme to provide a benefit on the SINR of the combined signal. More details are 

reported in [29]. 

 

Its benefit is visible in Figs. 13 and 14, where an interference has been generated in RC through a second UE, 

transmitting toward the eNB and progressively increasing its power. 

Figure 13 shows the impact on uplink throughput of an interference generated by a second UE camped on 

another cell radiating in RC. Its power is progressively increased by means of electronic arrays, starting from 

an initial value, generating interference on the serving cell of UE under test. As expected, the coordinated 

multipoint demonstrated to be more robust than other simpler reception schemes. This highlight the relevance 

of cell coordination in interference rejection. 

 

 

 
 

Figure 13: Effect of interferer over the uplink LTE performances in RC, high-load in chamber (replicating 

outdoor propagation) vs different reception schemes. 
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In Fig. 14, the uplink throughput with coordinated multipoint enabled on the eNB, comparing the high load 

condition with the empty chamber condition, which is much richer in multipath. In  Fig. 11, for the downlink, 

the two chamber conditions have been tested at the same value of radio signal (RSRP) present in chamber in 

order to isolate exclusively the effect of multipath. It is shown that there is an evident impact of multipath over 

the uplink performance, and such impact is even more evident the bigger the interference is . As the previous 

example, this demonstrate how the multipath may affect the performance perceived by the user. The coordinated 

multipoint is part of the bunch of features brought by 3GPP and also known as LTE-Advanced (LTE-A) 

solutions. They are meant to boost the performances of each single user to reach the highest throughput possible. 

One of these is CA: with this feature, the resources of two (or more) overlapping cells, transmitting at different 

frequencies and different bands, are joined together to allow a single user to reach bit-rates even equal or higher 

than 1 Gbps. The CA is possible also in the uplink direction, however, in this case the single user maximum bit 

rate is lower.    

 

 
Figure 14: Uplink LTE performances when coordinated multipoint is used, comparing high load (HL) setup 

in RC with empty chamber (EC). 

 

Figure 15 shows the aggregated throughput when an UE, 64-QAM modulation capable, is simultaneously 

connected to a primary cell (10 MHz bandwidth, 1800 MHz band) and a secondary cell (10 MHz bandwidth, 

800 MHz band) organized in a carrier CA pair.  

 

 
Figure 15: Downlink LTE carrier aggregation performances for a UeE connected simultaneously two cells (one 

primary and one secondary), 10 MHz + 10 MHz bandwidth, 64-QAM modulation.  
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,

The effect of multipath is similar to the one presented in Fig. 10 and could be quantified on a level of 30% of 

impairment introduced by multipath. 

Further details regarding CA performances in RC are reported in [53]. Looking at previous examples, one could 

be induced to think that fourth generation LTE cellular networks are all about throughput, but it's not like that. The 

access is entirely packet-switched; thus voice is also carried over a packet-switched bearer. The solution is called 

VoLTE and its quality is based on MOS. Figure 16 shows the result of a test campaign where the VoLTE quality 

has been measured for different types of mobile to mobile calls (both UE camped on 4G, which deal to a 23.85 

Kbps AMR codec rate, 4G to 3G call, which deal to a 12.65 Kbps AMR codec rate, and 4G to 2G call, which deal 

to an 8 Kbps AMR codec rate). From the picture it is evident that, even at very low signal level,  performance in 

terms of MOS are always acceptable, until  radio-link failure does not occur and the call is finally dropped. 

Contrary to the throughput, there is not a linear relation between multipath and MOS. Instead, the MOS is mainly 

polarized by the codec rate that is chosen by the network. 

 

Figure 16: Mean opinion score for VoLTE in reverberation chamber, for different AMR codec. 

5. CONCLUSION 

The use of the reverberation chamber to emulate both indoor and outdoor wireless propagation channels is a 

flexible and reliable method to perform robust OTA testing of high data rate wireless devices for 4G LTE and 

5G mobile networks. The method has been enhanced through the use of a base station connected to the live 

network of the Telecom operator: this allows for creating truly real-life signals received by the user equipment. 

The reverberation chamber supports multiple reflections that results in a multipath faded signal stressing onto 

the device under test. 

According to the propagation environment to be emulated, the multipath degree can be easily tuned by varying 

the amount and the position of the loading lossy material and the antenna orientat ion. 

Signal-to-noise ratio and throughput of the data received by commercial user equipment devices can thus be 

tested and predicted in realistic propagation conditions.  
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