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10.5.2.3	Reverberation chamber
[bookmark: _Toc526337912]10.5.2.3.1	General
A reverberation chamber (RC) is a shielded metal enclosure with rotating or moving stirrers, and optionally turntables. When properly designed, this facility can be used for non-directional antenna measurements, such as TRP. When measuring TRP of radiations with high antenna directivity, special care must be taken to characterize the working volume of the chamber, see xxx. The working volume of a characterized RC is the volume wherein the DUT must be placed.
The symbols  and  denotes the average value and standard deviation. The auto-correlation function is used to calculate the offset between statistically un-correlated samples and is calculated as

where the modulus operator mod(x,y) is the remainder of x/y, here performing  a circular shift of the measurement samples. The threshold value for uncorrelated samples is 

The distance between un-correlated samples is calculated as the minimum k-value satisfying . The number of independent samples is calculated as

[bookmark: _Toc526337913]10.5.2.3.2	Chamber characterization
The purpose of the chamber characterization is to ensure that the effect of a non-uniform propagation conditions in the chamber has a small effect on the measurement result when the DUT is placed in an imaginary volume denoted the working volume. In the characterization procedure the actual mode of operation, including stirrer movement, DUT movement, diversity antenna usage, etc., shall be used. A reference Tx antenna (REF TX) is mounted as the DUT would be mounted in an actual measurement. The directivity of the reference antenna shall be at least as high as the directivity of the DUTs to be measured. 
For measurement of spurious emissions, a directivity of [10 dBi] can be assumed. The REF TX and the measurement receive antenna (RX) are connected to a Network Analyzer (NA). 
 [image: ]
Figure X.1 Setup for characterization of a reverberation chamber
The measurements in the characterization procedure are performed with the REF TX placed in different positions and rotations throughout the working volume. The working volume shall be at least half a wavelength from the chamber walls and other electromagnetic reflective objects according to [3], and according to [1] this distance may be restricted to 0.75m below 100 MHz. The number of positions and orientations to use depends on the chamber size and the directivity of the REF TX. The volume spanned by the positions and orientations used, constitutes the characterized working volume and is associated with a certain contribution to the measurement uncertainty. 
In cases where the DUT is placed on a moving turntable during the measurement, different orientations in orthogonal orientations to the turntable movement shall be tested. For example: if an azimuth rotation turntable is used, different vertical rotations shall be tested, whereas additional fixed azimuthal orientations are not needed.
For each position/orientation n of the REF TX, RC sample, and desired frequency , the transfer function 

is measured. The explicit dependence on RC sample and frequency is not written out. At least 250 independent samples shall be used per position/orientation. Using a lower number is not compatible with the underlying analysis on measurement uncertainty, see [1, 2]. 

The following tests are performed and shall be verified for each frequency:

1. TRP uniformity: For each position/orientation evaluate . The standard deviation of these average values shall be below [1.5 dB].
2. Dynamic range: The dynamic range of each  shall be at least 20 dB.
3. Line-of-sight component: The line-of-sight component quantified as the K-factor 

shall be below [-15 dB].
4. Independent samples: At least 250 independent samples shall be used.

10.5.2.3.3	Calibration 
In the calibration, the radiation efficiency  of the reference antenna (REF TX) is obtained. The calibration shall be repeated for each frequency being tested and for each test antenna. This calibration can be done in any suitable chamber, e.g. an anechoic chamber calibrated for gain and directivity measurement. In this case the efficiency is obtained as .
[bookmark: _Toc526337914]10.5.2.3.4	Procedure
	[image: ]
	[image: ]
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	(a)
	(b)
	(c)

	[bookmark: _Ref528856103][bookmark: _Ref528856716]Figure 1 The procedure for TRP measurements uses three consecutive setups: (a) Reference measurement, (b) ambient noise measurement (b), and (c) TRP measurement.



1) Place the DUT and the REF TX in the working volume of the RC. Turn off DUT power and DUT controls. See Figure 1 (a).
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 and the RX antenna with a calibrated Network analyser (NA) and measure the scattering parameters  and . Calculate the transfer function nd the mis-match efficiency 	.
5) Disconnect the NA and connect the RX antenna to a calibrated Spectrum analyser (SA). Turn on the DUT control. Keep the DUT power off. Terminate the REF TX. See Figure 1 (b).
6) Measure the voltage data  and calculate the ambient power level as 
7) Calculate the ambient TRP level as 
8) Turn on the DUT power and measure the received voltage , see Figure 1c.
9) Calculate the DUT power as 
10) Calculate the TRP from the DUT as 
11) [bookmark: _Ref528865675]The following tests shall be performed on the measurement data:
a. The dynamic range  must be at least 20 dB
b. The line-of-sight component, quantified as the K-factor  using reference measurement data, shall be below -15 dB.
c. The number of independent samples, calculated via the auto-correlation function, see xxx, shall be at least 250. 
10.5.2.3.5	MU assessment 
[bookmark: _Toc526337916]10.5.2.3.5.1	MU Budget
Table 10.5.2.2.4.1-1: Reverberation  Chamber uncertainty contributions Tx spurious emissions
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	E5-1

	2
	Impedance mismatch in the receiving chain
	E5-2

	3
	Random uncertainty
	E5-3

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	E5-4

	5
	Mean value estimation of reference antenna mis-match efficiency
	E5-5

	6
	Line of sight component
	E5-6

	7
	Uncertainty of the Network Analyzer
	E5-7

	8
	Influence of the reference antenna feed cable
	E5-8

	9
	Mean value estimation of transfer function 
	E5-9

	10
	Uniformity of transfer function
	E5-10


[bookmark: _Toc526337917]
10.5.2.3.5.2	MU Value
Table 10.5.2.2.4.2-1: Reverberation  Chamber uncertainty assessment Tx spurious emissions
	UID
	Uncertainty source
	Uncertainty value
380 MHz < f ≦ 3 GHz
	Uncertainty value
3 GHz < f ≦ 3.8 GHz
	Uncertainty value
3.8 GHz < f ≦ 12.75 GHz
	Uncertainty value
12.75 GHz < f ≦ 19 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
380 MHz < f ≦ 3 GHz
	Standard uncertainty ui [dB]
3 GHz < f ≦ 3.8 GHz
	Standard uncertainty ui [dB]
3.8 GHz < f ≦ 12.75 GHz
	Standard uncertainty ui [dB]
12.75 GHz < f ≦ 19 GHz

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	0.14
	0.26
	0.26
	0.37
	Gaussian
	1
	1
	0.14
	0.26
	0.26
	0.37

	2
	Impedance mismatch in the receiving chain
	0.2
	0.2
	0.45
	0.45
	U-shaped
	√2
	1
	0.14
	0.14
	0.32
	0.32

	3
	Random uncertainty
	0
	0
	0
	0
	Rectangular
	√3
	1
	0
	0
	0
	0

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.50
	0.50
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50
	0.50
	0.50

	5
	Mean value estimation of reference antenna radiation efficiency
	0.27
	0.27
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27
	0.27
	0.27

	6
	Line of sight component
	0.14
	0.14
	0.14
	0.14
	Rectangular
	√3
	1
	0.08
	0.08
	0.08
	0.08

	7
	Uncertainty of the Network Analyzer
	0.13
	0.20
	0.20
	0.20
	Gaussian
	1
	1
	0.13
	0.20
	0.20
	0.20

	8
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20
	0.20
	0.20

	9
	Mean value estimation of transfer function
	0.27
	0.27
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27
	0.27
	0.27

	10
	Uniformity of transfer function
	1.5
	1.5
	1.5
	1.5
	Gaussian
	1
	1
	1.5
	1.5
	1.5
	1.5

	Combined standard uncertainty (1σ) [dB]
[image: ]
	1.66
	1.68
	1.70
	1.72


	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	3.25
	3.29
	3.34
	3.38


Note: This MU budget is applicable if the data tests in procedure step 11) of Clause 10.5.2.3.4 are fulfilled.

[bookmark: _Toc526337919]10.5.3.4	Test Tolerance
The conduced test tolerance for the mandatory spurious emissions requirements is zero. As the requirements are set by regulatory limits the same test tolerance is used for OTA.
TT=0.
[bookmark: _Toc519095059] [End of Text Proposal]


[Start of Text Proposal]
E.4	Reverberation Chamber
E5-1 Uncertainty of the measurement equipment
This contribution originates from limited absolute level accuracy and non-linearity of the measurement equipment. The measurement equipment such as a BS simulator, spectrum analyzer, or power meter measures the received signal level in EIRP tests either as an absolute level or as a relative level. The uncertainty value will be indicated in the manufacturer's data sheet in logs.
E5-2 Impedance mismatch in the receiving chain
This contribution originates from multiple reflections between the receiving antenna and the power measurement equipment. The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.
E5-3 Random uncertainty
The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference AAS BS without changing anything in the measurement set-up.
E5-4 Reference antenna radiation efficiency
Residue of uncertainty of reference antenna radiation efficiency after calibration.
E5-5 Mean value estimation of reference antenna mismatch efficiency
Error of the estimated mean related to the use of a finite number of samples in the measurement of the reference antenna mismatch efficiency. The mean value estimation is calculated as  where  is the standard deviation of the series of measured values.
E5-6 Line of sight component
The error of the transfer function  caused by a non-zero mean value , and quantified by the K-factor. The contribution in the MU-budget enters as a relative error. 

E5-7 Uncertainty of the network analyzer
This contribution originates from all uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
 E5-8 Influence of the reference antenna feed cable
Before performing the calibration, the reference antenna feed cable loss has to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced.
E5-9 Mean value estimation of transfer function 
Error of the estimated mean related to the use of a finite number  of samples in the measurement of the transfer function. The mean value estimation is calculated as  where  is the standard deviation of the series of measured values.
E5-10 Uniformity of transfer function
Standard deviation over DUT positions and rotations of the transfer function . This uncertainty expresses the variations of measured TRP values with respect to translations and rotations of the DUT. Ideally, the TRP does neither depend on translations nor rotations of the DUT.
[End of Text Proposal]
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