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1. Introduction
OTA methods for TRP measurement have been discussed before. In the previous meeting in Gothenburg, section 10.8 of TR37.843 was agreed upon, where different methods are described and Table 10.8.3-1 summarizes all the methods and their applications [1]. This sub-clause does not preclude other relevant measurement methods. One such measurement method is using a reverberation chamber for TRP measurement. Reverberation chambers have been used previously for UEs for fast and repeatable measurements of radiation efficiency and radiated power [2].
This contribution discusses the possibility of using reverberation chambers for BS TRP measurements for in-band, out-of-band and spurious emissions. Furthermore, the calibration and measurement procedures are described.

2. Discussion
Overview
The reverberation chamber is a shielded test site with highly conductive enclosure used for electromagnetic testing purposes. The chamber has one or more stirrers that are used to alter the electromagnetic fields inside the enclosure. The reverberation chamber can be used for EMC/Radio testing and for TRP and EIS. In this contribution the focus is on discussing the RC as a means to measure TRP. Appropriate RC stirring will give a measurement result that is independent of the shape of the EIRP pattern from the EUT, and proportional to the average value of the EIRP pattern, i.e., the TRP. Hence, with adequate calibration, this measurement principle would be appropriate to measure TRP for BS. 
In [2] RC methods are used to measure TRP for UEs and the idea for this proposal is a similar method to measure the TRP for BS.
The proposal is divided into four parts
· Chamber characterisation
· Secondary reference calibration
· Transfer function calibration
· EUT measurement
Each step includes tests to ensure the validity of the measurements. 
A risk when measuring BS in RC is that a direct component between DUT and RX antenna may influence the results for the TRP measurements since there can be a significant difference in antenna gain between DUT and the TX reference. In this paper we propose the use of the K-factor and hypothesis testing for Rayleigh distribution in the measured data to monitor the direct component in the calibration steps and the EUT measurement step.
Chamber characterisation
The scope of this section is to show that the RC is useful for TRP measurements and to get a system check that TRP is measured. 
The chamber validation procedure is performed for new RC’s and after major modifications.
Chamber size and RC characteristics
There are no detailed requirements regarding the RC size. But the smallest dimension shall be large with respect to the wavelength corresponding to the lowest used frequency. The low frequency characteristics of the RC can be improved by using diversity measurement antennas. In [3] there is a discussion of RC size requirements and the conclusion is that the characterisation results are used to determine if the RC is useable or not. The reference [5] states that the RC volume needs to be large enough to support the number of modes needed for the stated accuracy. Example: RC intended for the frequency range 400 MHz-18 GHz has the size 4x3x2 m.
There is a trade-off between desired frequency range, DUT size, RC size and measurement uncertainty so there is a need for RC characterization to evaluate the suitableness for a RC regarding TRP measurements. One characterisation requirement is proposed below through the working volume uniformity criteria. 
Working volume
The working volume is an imaginary volume in the RC where the uniformity criteria (see next sub clause) is tested and fulfilled. The working volume shall be placed at least half a wavelength from the chamber walls and other electromagnetic reflective objects according to [2], and according to [5] this distance may be restricted to 0.75m below 100 MHz 
Uniformity test
The outline for this criterion can be found in [5] but is here slightly reformulated since the proposed method is using antennas and network analyser during the measurements. During these measurements all used stirrers, including platform stirring (rotations and translations of the EUT), are set to sweep continuously in the mode of operation to be used in the measurements. 
[image: ]
Figure 2. Measurement setup for the uniformity test
The idea is to estimate the transfer function with the TX antenna in 8 evenly distributed positions (A to H) and 3 different polarisations (x, y, z) in the working volume and calculate the standard deviation between the different estimations. The matter of number, and distribution of spatial points may depend on chamber size and needs further study.
The transfer function is given in sub section B.2.1 in [2] and can for this purpose be formulated as 



This is performed 24 times resulting in 24 variants of the transfer function where the index n represents a certain TX position/polarisation combination (see table below).
	Index n
	TX Pos
	TX Pol

	1
	A
	x

	2
	A
	y

	3
	A
	z

	4
	B
	x

	…
	…
	…

	24
	H
	z


Figure 3. Position/polarization combinations for the uniformity test
The standard deviation between these 24 measurements shall comply with Figure 4 below.
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[bookmark: _Ref525289886]Figure 4. Uniformity criteria
Antenna calibration
Primary Reference Antennas
Primary reference antennas are proposed to achieve traceability for the TRP measurements. The primary reference antennas are used to calibrate wide band secondary reference antennas used during the EUT measurement steps. Proposed primary reference antennas are listed in the table below. 
The antenna calibration/EM simulation shall give the primary reference antenna efficiency . Traceability of calibration data is important.
	Frequency range
	Antenna

	300MHz-1GHz
	Calibrated Wideband reference dipole
Or
Calibrated Wideband reference bi-cone antenna

	1-26GHz
	Standard gain horns



Secondary Reference Antenna Calibration
From the primary reference antenna efficiencies, the efficiency of the secondary reference antennas are determined through the secondary reference antenna calibration procedure. 
The efficiency of the secondary reference antenna is given by


Where  is the transfer function given by

and  is given by

[image: ]
Figure 4: Secondary reference antenna calibration.
Proposed Secondary wideband reference antennas
	Frequency range
	Antenna examples
	Misc.

	300MHz-1GHz
	Disc-cone, PICA or Vivaldi antenna
	Three polarization diverse antennas might be needed. We will investigate this. (For accuracy).

	1-18GHz
	ETS 3115
	

	18-26GHz
	ETS 3116
	



Transfer function measurements
Prior to the measurement the NA is calibrated (full two port) at antenna port interfaces. 
Measurements of S11, S21 and S22 (complex) are made with N temporal samples, e.g. 250, at the desired frequency points. The temporal samples correspond to N different snapshots of stirrer and platform positions and rotations. In the following, these snapshots are denoted “stirrer positions”.  The actual measurements are then performed using at least N temporal samples.
[image: ]
The transfer function is calculated as

Data set controls for reference measurement
For the data sets above the following tests shall be performed.
During the transfer function measurement, the sequence 

is collected by the network analyser. The following tests on this data set shall be performed:
· Min Max test
The difference between  and  shall be more than or equal 20 dB.

The min max test gives an indication of the stirring efficiency in the chamber. 

· K-factor test
The complex mean estimation of the K-factor 
The complex mean K-factor may not exceed -15dB in the reference data set

The K-factor is used to identify Line Of Sight components in the data set. If there is a LOS component additional shielding/stirring between may be needed. 

· Correlation test
The max of the autocorrelation coefficients for the sequence may not exceed 1/e for each frequency.

The correlation test is done to validate the number of independent samples in the data sets.  

EUT measurements
For the EUT measurement the instrumentation is changed to a spectrum analyser and the reference antenna is terminated. 
Ambient/Noise TRP measurements
In this step the ambient signal levels are measured. This will indicate influence from the EUT Control equipment and external RF-leakage. The EUT 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 - FFS. 
The ambient data set is measured.


And the ambient TRP level is calculated as

[image: ]
Figure 5: Ambient measurements



EUT measurements 
The sequence 

is collected with the spectrum analyser (note: the voltage level needs to be corrected for the cable loss between spectrum analyser and RX antenna). The transfer function for the EUT is calculated as

And the TRP from the EUT is calculated as


[image: ]
Figure 5: TRP measurement of the EUT.
Data set tests for EUT measurement
As for the reference data set there are some tests for the EUT data set.
· Min Max test
The difference between  and  shall be more than or equal to 20 dB.

The min max test indicates if the stirring efficiency is enough during the EUT measurement. 

· [bookmark: _Hlk524896568]Correlation test
The max of the autocorrelation coefficients for the sequence may not exceed 1/e for each frequency.

The correlation test is done to validate the number of independent samples is contained in the EUT measurement.

· Rayleigh test
The  sequence is tested for Rayleigh distribution by MLE fitting and hypothesis testing. If the hypothesis test shows that Rayleigh distribution is not achieved during the EUT measurement remeasurement with altered EUT layout or more stirring may be needed. 

Limitations and further studies
Measurement Uncertainty
The measurement uncertainty needs some further study.
[image: ]


· Primary Reference Antenna Efficiency calibration 
Uncertainty from calibration or EM-simulation

· Antenna Placement (1,2,3) & EUT placement
Figures from Work volume validation.

· Network analyser – S21 (1, 2 ,3)
S21 Level uncertainty for the network analyser used during the measurements.

· Network analyser - S11 (1,2,3)
Reflection coefficient level uncertainty for the network analyser used during the measurements. 

· Cable loss calibration
Uncertainty from cable loss calibration.

· Spectrum analyser 
Level uncertainty for the Spectrum analyser.

K-factor limit / Rayleigh distribution during EUT measurement
There are some difficulties in estimating the K-factor from the scalar EUT measurements since there are no phase information in the data. From the results of a simulation shown below the estimation from scalar estimation (red line) works for K-factors over 0 dB see [4]. 
[image: ]


To use the Rayleigh hypothesis test gives the results below. This gives an approximate “Rician detection level” at a K-factor of 0 dB which is approximate the same as the Rician distribution fit estimation.
[image: ]
In [3] there is an expression for the error contribution arising from the average K-factor (direct component) and its to some extent shown below. The blue line is the error contribution when no antenna placement or antenna diversity stirring is used. The red line shows the contribution when antenna placement or antenna diversity stirring is used. When looking at the K-factor ~0 dB region (which is the detectable level) the difference between the blue and red line might imply that antenna placement or antenna diversity stirring must be used during TRP measurements of BS in order to minimize the possible error contribution from unknown direct components.
[image: ]


3. Conclusion
Conclusion 1: Reverberation chamber can be used for OTA TRP measurements for BSs both for wanted signal frequencies and OOB/spurious frequencies. 
Conclusion 2: There is a need for a validation scheme to verify the suitableness of the RC for TRP measurement in the desired frequency range, since RCs come in a variety of sizes and stirring facilities.
Conclusion 3: The Rician K-factor is useable to see the suitableness of the reference transfer function calibration. The use of hypothesis testing for Rayleigh distribution of the measurements needs further investigation and test measurements.
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