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Introduction
In the RAN4 88bis meeting in Chengdu the RC chamber was presented as a method for TRP measurement for BS antennas [4]. This method is well established for electrically small antenna with low directivity, e.g., UEs see [3]. One challenge for BS station antennas is to verify that the RC can be used for antennas of high directivity.
Based on the positive feedback on the paper presented in the previous meeting [4] the method description has been further elaborated, and an MU framework and MU tables have been generated.
Discussion
This paper introduces some fundamental concepts needed to understand and characterize the Reverberation chamber (RC) as a means to measure non-directional radiation metrics. Here, the TRP is addressed. The reverberation chambers is used to generate a statistically spatially white channel that effectively averages the power density and therefore can be used to measure TRP. Since the method has a statistical nature, and the end result is based applying statistical methods to the measured data some statistical concepts are introduced. Thereafter, the important step of characterizing the chamber for use with directive radiation fields is addressed. The measurement procedure involving the reference measurement, the ambient power, and TRP measurements are described. Based on this procedure MU tables are presented together with the needed framework, identifying the sources of uncertainty.
Notation and general concepts
RC sample: A sample in time denoted  and corresponding to a given stirrer position, turntable position in a reverberation chamber. The stirrers and the turntable can be run in a stepwise manner or in continuous mode.
RC sample average: An average over RC samples is denoted 
RC sample standard deviation: The standard deviation over RC samples is denoted

Note: When the standard deviation is expressed in dB scale the conversion from linear entities is

when  is in power scale.
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



Characterization of Reverberation Chamber 
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 of the Reverberation Chamber (RC) 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 in the tested working volume, see below. 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 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 [3.0 dB FFS].
2. Dynamic range: The dynamic range of each  shall be at least 20 dB.
3. Line-of-sight component: The line-of-sight component of the incoming field on the RX antenna shall be weak enough. This is quantified by the K-factor calculated as 

The K-factor shall be below [-15 dB FFS].
4. Independent samples: The number of independent samples shall be at least 250 based on samples of .

TRP Measurement 
Preparations
Prior to the measurement the Network Analyser (NA) is calibrated (full two port) at interfaces A and B as depicted in Figure 2. Stirrers and turntables are set to operate as when the chamber was characterized. The maximum possible directivity, according to the characterization procedure must not be exceeded.
Transfer function measurements
Use a reference antenna TX REF with known radiation efficiency . The transfer function is measured with the TX REF in the presence of the DUT turned off, see Figure 2
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[bookmark: _Ref528057449]Figure 2 Setup for reference transfer function measurement.
The scattering parameters  are measured between points A and B. The mis-match efficiency is calculated as
	
 and the reference transfer function is calculated as

For the scattering matrix data, the following tests shall be performed the dynamic range, line-of-sight component K-factor, and the number of independent samples are calculated as described in the RC characterization.
DUT measurements
For the DUT measurement the instrumentation is changed to a spectrum analyser and the reference antenna is terminated. The cable losses including mis-match losses should be measured and compensated for when calculating the power levels of the data received by the signal generator. The total cable loss is denoted 
Ambient noise TRP measurements
In this step the ambient signal levels are measured. This will indicate influence from the DUT Control equipment and external RF-leakage. The DUT will be in off state and the control equipment will be turned on. Ambient signal shall be below the used TRP limit by at least [10 dB]. 
The voltage data  is measured at interface B, see Figure below, and the ambient power level is calculated as

The ambient TRP level is calculated as
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Figure 3: Ambient power level measurements

DUT measurements 
The DUT is turned on and to transmit in the adequate configuration.
The received voltage is measured a interface B, see figure below, and the DUT power is calculated as

The TRP from the DUT is calculated as
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Figure 4: TRP measurement of the DUT.
Framework for measurement uncertainty
The RC-specific contributions to the measurement uncertainty are:
Reference antenna radiation efficiency: Residue of uncertainty of primary antenna radiation efficiency after calibration.
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.
Independent samples: The uncertainty corresponding to using a finite number  of independent RC samples. This uncertainty is calculated as  .
Other contributions are
Mean value estimate (MVE): Error of the estimated mean, related to the use of a finite number of samples in the measurement. The MVE uncertainty is calculated as  where  is the standard deviation of the series of measured values.
The effect of a finite dynamic range and a non-zero line-of-sight component (K-factor) is a raise in the final TRP value and does not contribute to the measurement uncertainty. 
Cable loss residual error, Network analyser error, and spectrum analyser error are generic errors not specific to the chamber type.
The following MU table is proposed for the FR1 and FR2 frequency ranges.

Conclusion
Conclusion 1: A complete method structure is presented. Some numbers should be further studied.
Conclusion 2: The details of the positions and rotations used in the characterization method needs further study. Especially the impact of directivity and chamber size.
Conclusion 3: A package of CRs and TPs are submitted for approval.
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