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10.5.2.3A	Reverberation chamber
10.5.2.3A.1	General
A reverberation chamber (RC) is an electrically large shielded metal enclosure that employs one or several “stirring” methods to randomize the fields, such as moving paddles, turntables, etc. In this way, a large number of uncorrelated samples is obtained. The volume in the room where the field is well-stirred is the working volume. Here the E-field, averaged over an entire stirring cycle, is independent of the location in the room, i.e. the field is spatially uniform. 
For a proper analysis of the measured data a sufficient number of uncorrelated samples is required. The auto-correlation function is used to calculate the offset between statistically uncorrelated samples using the following expression [33]:

where the modulus operator mod(x,y) is the remainder of x/y, here performing  a circular shift of the measurement samples over a distance k. The symbols ⟨x ⟩ and σ= "std" (x) denote the average value and standard deviation. The threshold value for uncorrelated samples is defined as [33]:

The distance between uncorrelated samples is calculated as the minimum k-value satisfying . The number of uncorrelated samples is calculated as:

When properly designed, this facility can be used for non-directional antenna measurements, such as TRP. In fact, a well-stirred RC is capable of measuring TRP in a reliable way, regardless of the directivity pattern of the emission or frequency range. When measuring TRP of sources with a directive pattern, special care must be taken to characterize the working volume of the chamber, see subclause 10.5.2.3A.2.

10.5.2.3A.2	Chamber characterization
The purpose of the chamber characterization is to ensure that the effect of a non-uniform field distribution in the chamber has a negligible influence on the measurement result when the EUT is placed in the working volume. Lack of chamber uniformity is a major contributor to measurement uncertainty in reverberation chambers and should be handled with care.
The uniformity test can be quite time consuming and the test can be performed separate from the EUT measurement. Due to the non-negligible size of BS equipment the EUT can have a significant influence on the uniformity. To take this effect into account, either the EUT itself must be present in the room during characterization or an absorber with dimensions equal or larger than the EUT must be placed at the EUT’s location in the room. 
The characterization procedure consists of placing a reference transmitter antenna (REF TX ant) at different locations and with different orientations in the room. The actual mode of RC operation shall be used, including stirrer movement, EUT movement, diversity antenna usage, etc. The directivity of the REF TX antenna will influence the spatial uniformity of the room, a more directive REF TX ant is better at detecting parts of the room that are less-well stirred. Therefore, the REF TX ant chosen for the uniformity test should excite the chamber in a similar way as the EUT.. 

  [image: ]
Figure 10.5.2.3A.2-1:	Setup for characterization of a reverberation chamber
The working volume shall be at least half a wavelength from the chamber walls and other electromagnetic reflective objects according to [34]. According to [33] this distance may be restricted to 0.75 m below 100 MHz. The number of positions and orientations to use depends on the chamber size and the directivity of the REF TX ant. Measurements made at positions and orientations at the edges of the working volume are used to characterize the chamber and derive certain components of uncertainty.
The exact number of positions and orientations remain for further study, but at least (3) uncorrelated locations should be used and (6) uncorrelated orientations per position when directive spurs are to be detected. 
The REF TX antenna and the measurement receive antenna (RX) are connected to a Vector Network Analyzer (VNA).  For each location/orientation n of the REF TX ant, RC sample, and desired frequency , the power transfer function 

is measured. The explicit dependence on RC sample and frequency is not written out here. At least 250 uncorrelated samples shall be used per position/orientation. Using a lower number is not compatible with the underlying analysis on measurement uncertainty, see [33, 35]. 
The following tests are performed and shall be verified for each frequency:
a) Uniformity of transfer function: For each location/orientation evaluate . The standard deviation of these average values shall be below the assumed measurement uncertainty level for UID 9, captured table 10.5.2.3A.5-1. (1.5 dB).
b) Dynamic range: The dynamic range of each  shall be at least 20 dB. The method to compute it is defined below.
c) Uncorrelated samples: At least 250 uncorrelated samples shall be used.
It is important to note that spatial uniformity (and number of uncorrelated samples) in an RC is harder to achieve for more directive antenna patterns. As such, the measurement uncertainty of a sub-optimally configured room will be higher and additional measures to randomize the fields should be considered. Optimization of the EUT position in the chamber and positional stirring are good starting points.

10.5.2.3A.3	Calibration
To correctly determine the TRP by the EUT a calibration step to account for losses in cables, antennas, etc. is required. A reference PTF is determined at each frequency of interest by using a relevant reference TX antenna (REF TX ant). The chamber should be set up identically to the actual set up of the TRP measurement, which means the EUT has to be in the room, the same stirring procedure has to be used, etc.  
A minimum Nref = 1 reference measurement is required, but it is noted that more measurements can be used to estimate the reference PTF and that this will lead to a reduction of the uncertainty by a factor . The radiation efficiency, η, of the reference antenna can be assumed to be the value declared by the manufacturer or can be determined in a separate antenna efficiency measurement.
Calibration procedure
1) Place the EUT and the REF TX ant in the working volume of the RC. Turn off EUT power and EUT controls. See Figure 10.5.2.3A.4-1 (a). If more positions are used to determine the reference PTF the REF TX ant should be placed at uncorrelated positions within the test volume.
2) Set the stirrers and turntables in the mode of operation used in the chamber characterization.
3) Set the sampling rate as in the chamber characterization.
4) Connect the REF TX ant and the RX antenna with a calibrated Network analyser (NA)
5) Measure the scattering parameters over a complete stirring cycle for each frequency of interest and for each position and orientation. 
6) Calculate the reference transfer function 
7) Calculate the mis-match efficiency 	. 

10.5.2.3A.4	Procedure

TRP calculation in an RC does not rely on a coordinate system and as such no reference coordinate system is defined for the RC method, and no alignment between EUT and test system is required. The EUT should be placed/mounted in the working volume of the RC. It is advised (but not mandatory) to orient the EUT is such a way that its antenna boresight is pointing towards a well-stirred part of the chamber (such as towards the stirrer).
[image: ][image: ][image: ]
(a) (b)											(c)
Figure 10.5.2.3A.4-1:	The procedure for TRP measurements uses three consecutive setups: (a) Reference measurement, (b) ambient noise measurement (b), and (c) TRP measurement. The blue dots indicate the measurement planes.
The test procedure can be described in two steps as:
Calculate Ambient Power Level
1) Connect the RX antenna to a calibrated Spectrum analyser (SA) using the same cables as in the calibration step. Turn on the EUT control. Keep the EUT RF power off. Terminate the REF TX ant in a 50Ω load. See Figure 10.5.2.3A.4-1 (b).
2) Measure the voltage data  and calculate the ambient power level as 
3) Calculate the ambient TRP level as 
Calculate EUT TRP
1) Turn on the EUT RF power and measure the received voltage , see Figure 10.5.2.3A.4-1 (c).
2) Calculate the EUT power as 
3) Calculate the TRP from the EUT as . 
4) [bookmark: _Ref528865675]The following tests shall be performed on the measurement data:
a. The dynamic range   must be at least 20 dB
b. The number of uncorrelated samples, calculated via the auto-correlation function, see [35], shall be at least 250. 
There is no need for additional directional measurements to the stirring cycle. In a well-stirred chamber, all directional components will be contained in the samples collected during the measurement cycle and accounted for correctly in the final TRP calculation.
Note: A reverberation chamber does not represent a real-life deployment for the EUT and can be considered as a hostile environment due to the potentially high field strengths. Therefore, it is important to make sure that the EUT is operating properly throughout the entire measurement.

10.5.2.3A.5	Test Method limitations and scope
The reverberation chamber test method is not suitable for testing spurious emissions at very low frequencies. The MU evaluation is applicable for the frequency above 380 MHz. 
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