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Sub-clause 7.8:
[bookmark: _Toc61130334][bookmark: _Toc61131060][bookmark: _Toc61187902][bookmark: _Toc83029192][bookmark: _Toc83919790][bookmark: _Toc89784811][bookmark: _Toc137299311][bookmark: _Toc138888357][bookmark: _Toc138889081]7.8	Reverberation chamber
[bookmark: _Toc32332025][bookmark: _Toc37429940][bookmark: _Toc43739014][bookmark: _Toc46346775][bookmark: _Toc53165714][bookmark: _Toc53166409][bookmark: _Toc53167103][bookmark: _Toc61130335][bookmark: _Toc61131061][bookmark: _Toc61187903][bookmark: _Toc83029193][bookmark: _Toc83919791][bookmark: _Toc89784812][bookmark: _Toc137299312][bookmark: _Toc138888358][bookmark: _Toc138889082]7.8.1	Measurement system description
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 number of effectively uncorrelated (independent) samples produced by a given mode-stirring sequence can be determined by correlation-matrix-based approaches or, in some cases, by an alternative single-autocorrelation calculation. 
The correlation matrix approach utilizes an N × N matrix of complex correlation coefficients representing the pairwise spatial correlation between all N measured samples [26]. With σ the covariance matrix, the Pearson correlation coefficients are then calculated pairwise between the observations as
,
where i represents the row index and j the column index for i = 1, …, N and j = 1, …, N. The threshold  defined below is applied to the magnitude squared of the correlation coefficients by setting rij to zero if | rij |2 ≤ rlim. The number of effectively uncorrelated samples in the stirring sequence is then given by
.
Alternatively, for a chamber with a single repeating stirring sequence, such as a rotational mode stirrer, the auto-correlation function is used to calculate the offset between statistically uncorrelated samples using the following expression as in IEC 61000-4-21 [11]:

	
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, rlim, is defined as in IEC 61000-4-21 [11]:
	
Use of this threshold gives 95% confidence that there will be at least Nind effectively spatially uncorrelated samples in the chamber measurement. 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.
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 BS 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 BS measurement. Due to the non-negligible size of BS equipment the BS can have a significant influence on the uniformity. To take this effect into account, either the BS itself must be present in the room during characterization or an absorber with dimensions equal or larger than the BS must be placed at the BS'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 and measuring the Power Transfer Function (PTF) between the REF TX and chamber's RX antenna, see figure 7.8.1-1. The actual mode of RC operation shall be used, including stirrer movement, BS movement, diversity antenna usage, etc. The directivity of the REF TX ant 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 BS.
[image: ]
Figure 7.8.1-1:	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 [12]. According to IEC 61000-4-21 [11] 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.
Different test equipment set ups can be used for the acquisition of the PTF between REF TX and RX. Such as devices capable of directly extracting the PTF, like a Vector Network Analyzer (VNA) or a set up with separate transmitter and receiver test equipment, such as a Signal Generator (SG) and Spectrum/signal Analyzer (SA) configuration. In the latter case the operator should account for the losses in the set up originating from cables, mismatch, etc.
When using a VNA, the REF TX ant and the measurement receive antenna (RX) are connected to the test equipment. For each location/orientation n of the REF TX ant, RC sample, and desired frequency f, the power transfer function
	
is measured. Here, the brackets denote average value over the entire stirring sequence. The explicit dependence on RC sample and frequency is not written out here.
In case of using an SG and SA the PTF is calculated as follows:
[bookmark: _Hlk20911338]	
with Ur the received voltage, 50 Ω being the reference impedance of the SA, Pt the transmit power of the signal source, Ls the losses in in the cables., Mt the mismatch efficiency at the TX antenna calculated as .
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 IEC 61000-4-21 [11] and publication in [13].
The following tests are performed and shall be verified for each frequency:
a)	Uniformity of transfer function: For each location/orientation evaluate Pn. The standard deviation of these average values shall be below the assumed measurement uncertainty level for A6-7 uncertainty contributor, as described in annex A.6.
b)	Dynamic range: The dynamic range of each Pn shall be at least 20 dB.
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 BS position in the chamber and positional stirring are good starting points.
[bookmark: _Toc32332026][bookmark: _Toc37429941][bookmark: _Toc43739015][bookmark: _Toc46346776][bookmark: _Toc53165715][bookmark: _Toc53166410][bookmark: _Toc53167104][bookmark: _Toc61130336][bookmark: _Toc61131062][bookmark: _Toc61187904][bookmark: _Toc83029194][bookmark: _Toc83919792][bookmark: _Toc89784813][bookmark: _Toc137299313][bookmark: _Toc138888359][bookmark: _Toc138889083]7.8.2	Test method limitations
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.


Sub-clause 8.8:
[bookmark: _Toc32332034][bookmark: _Toc37429950][bookmark: _Toc43739024][bookmark: _Toc46346785][bookmark: _Toc53165724][bookmark: _Toc53166419][bookmark: _Toc53167113][bookmark: _Toc61130345][bookmark: _Toc61131071][bookmark: _Toc61187913][bookmark: _Toc83029203][bookmark: _Toc83919801][bookmark: _Toc89784822][bookmark: _Toc137299322][bookmark: _Toc138888368][bookmark: _Toc138889092]8.8	Reverberation chamber calibration
To correctly determine the TRP ofby the BS 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 BS has to be in the chamberroom, 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.
The mismatch efficiency at the TX antenna port is calculated as  where  is obtained in a separate measurement.
[image: ][image: ][image: ]
(a)						(b)					(c)
Figure 8.8-1: 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
Calibration procedure:
1)	Place the BS and the REF TX ant in the working volume of the RC. Turn off BS power and BS controls. See figure 8.8-1 (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 or received power over a complete stirring cycle for each frequency of interest and for each position and orientation.
6)	Calculate the reference transfer function, P(r), see subclause 7.8.1..
7)	Calculate the mis-match efficiency, Mt1(r), see subclause 8.8.
8)  Apply declared radiation efficiency, h, see subclause 8.8..









Sub-clause 11.2.5:
[bookmark: _Toc21086502][bookmark: _Toc29768939][bookmark: _Toc32332357][bookmark: _Toc37430274][bookmark: _Toc43739377][bookmark: _Toc46347138][bookmark: _Toc53166077][bookmark: _Toc53166772][bookmark: _Toc53167466][bookmark: _Toc61130727][bookmark: _Toc61131453][bookmark: _Toc61188295][bookmark: _Toc83029585][bookmark: _Toc83920183][bookmark: _Toc89785204][bookmark: _Toc137299704][bookmark: _Toc138888750][bookmark: _Toc138889474]11.2.5	Reverberation Chamber
[bookmark: _Toc32332358][bookmark: _Toc37430275][bookmark: _Toc43739378][bookmark: _Toc46347139][bookmark: _Toc53166078][bookmark: _Toc53166773][bookmark: _Toc53167467][bookmark: _Toc61130728][bookmark: _Toc61131454][bookmark: _Toc61188296][bookmark: _Toc83029586][bookmark: _Toc83920184][bookmark: _Toc89785205][bookmark: _Toc137299705][bookmark: _Toc138888751][bookmark: _Toc138889475]11.2.5.1	Measurement system description
[bookmark: _Toc32332359][bookmark: _Toc37430276][bookmark: _Toc43739379][bookmark: _Toc46347140][bookmark: _Toc53166079][bookmark: _Toc53166774][bookmark: _Toc53167468]Measurement system description is captured in clause 7.78.1.
[bookmark: _Toc61130729][bookmark: _Toc61131455][bookmark: _Toc61188297][bookmark: _Toc83029587][bookmark: _Toc83920185][bookmark: _Toc89785206][bookmark: _Toc137299706][bookmark: _Toc138888752][bookmark: _Toc138889476]11.2.5.2	Test procedure
[bookmark: _Toc32332360][bookmark: _Toc37430277][bookmark: _Toc43739380][bookmark: _Toc46347141][bookmark: _Toc53166080][bookmark: _Toc53166775][bookmark: _Toc53167469][bookmark: _Toc61130730][bookmark: _Toc61131456][bookmark: _Toc61188298][bookmark: _Toc83029588][bookmark: _Toc83920186][bookmark: _Toc89785207][bookmark: _Toc137299707][bookmark: _Toc138888753][bookmark: _Toc138889477]11.2.5.2.1	Stage 1: Calibration
Calibration procedure for the Reverberation chamber is captured in clause 8.78.
[bookmark: _Toc32332361][bookmark: _Toc37430278][bookmark: _Toc43739381][bookmark: _Toc46347142][bookmark: _Toc53166081][bookmark: _Toc53166776][bookmark: _Toc53167470][bookmark: _Toc61130731][bookmark: _Toc61131457][bookmark: _Toc61188299][bookmark: _Toc83029589][bookmark: _Toc83920187][bookmark: _Toc89785208][bookmark: _Toc137299708][bookmark: _Toc138888754][bookmark: _Toc138889478][bookmark: _Toc21086505][bookmark: _Toc29768942]11.2.5.2.2	Stage 2: BS measurement
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 BS and test system is required. The BS should be placed/mounted in the working volume of the RC. It is advised (but not mandatory) to orient the BS is such a way that its antenna boresight is pointing towards a well-stirred part of the chamber (such as towards the stirrer).
The RC testing procedure consists of the following steps:
1. Calculate Ambient Power Level:
1)	Connect the RX antenna to a calibrated receiver test equipment using the same cables as in the calibration step. Turn on the BS control. Keep the BS RF power off. Terminate the REF TX ant in a 50 Ω load. See figure 8.7-1 (b).

2)	Measure the voltage data Uamb and calculate the ambient power level as 

3)	Calculate the ambient TRP level as 
2. Calculate BS TRP:
1)	Turn on the BS RF power and measure the received voltage UBS, see figure 8.7-1 (c).
2)	Calculate the BS power as: 
3)	Calculate the TRP from the BS as: 
[bookmark: _Ref528865675]4)	The following tests shall be performed on the measurement data:
-	The dynamic range TRPBS / TRPamb must be at least 20 dB.
-	The number of uncorrelated samples, see subclause 7.8.1calculated 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 BS and can be considered as a hostile environment due to the potentially high field strengths. Therefore, it is important to make sure that the BS is operating properly throughout the entire measurement.
[bookmark: _Toc32332362][bookmark: _Toc37430279][bookmark: _Toc43739382][bookmark: _Toc46347143][bookmark: _Toc53166082][bookmark: _Toc53166777][bookmark: _Toc53167471][bookmark: _Toc61130732][bookmark: _Toc61131458][bookmark: _Toc61188300][bookmark: _Toc83029590][bookmark: _Toc83920188][bookmark: _Toc89785209][bookmark: _Toc137299709][bookmark: _Toc138888755][bookmark: _Toc138889479][bookmark: _Toc21086506][bookmark: _Toc29768943]11.2.5.3	MU value derivation, FR1
Table 11.2.5.3-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power measurements in Reverberation Chamber (Normal test conditions, FR1).
Table 11.2.5.3-1: Reverberation chamber MU value derivation for OTA BS output power, FR1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor
	ci
	Standard uncertainty ui (dB)

	
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz
	probability
	based on distribution shape
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz

	Stage 2: BS measurement
	　

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26
	0.26

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06
	0.06

	Stage 1: Calibration measurement
	　

	A6-3
	Reference antenna radiation efficiency
	0.20
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20
	0.20

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.15
	0.15
	0.15
	Gaussian
	1.00
	1
	0.15
	0.15
	0.15

	C1-3
	Uncertainty of the network analyzer
	0.13
	0.20
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20
	0.20

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	0.70
	0.75
	0.75

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.37
	1.46
	1.46



[bookmark: _Toc32332363][bookmark: _Toc37430280][bookmark: _Toc43739383][bookmark: _Toc46347144][bookmark: _Toc53166083][bookmark: _Toc53166778][bookmark: _Toc53167472][bookmark: _Toc61130733][bookmark: _Toc61131459][bookmark: _Toc61188301][bookmark: _Toc83029591][bookmark: _Toc83920189][bookmark: _Toc89785210][bookmark: _Toc137299710][bookmark: _Toc138888756][bookmark: _Toc138889480]11.2.5.4	MU value derivation, FR2
Table 11.2.5.4-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power measurements in Reverberation Chamber (Normal test conditions, FR2).
Table 11.2.5.4-1: Reverberation chamber MU value derivation for OTA BS output power, FR2
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz
	
	shape
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz

	Stage 2: BS measurement

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - high power (EIRP, TRP)
	0.50
	0.70
	Gaussian
	1.00
	1
	0.50
	0.70

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	0.30
	Gaussian
	1.00
	1
	0.30
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

	C1-3
	Uncertainty of the network analyzer
	0.30
	0.30
	Gaussian
	1.00
	1
	0.30
	0.30

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	0.94
	1.06

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.85
	2.08
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