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1. Introduction

In RAN#71 a new work item on MIMO OTA was approved [1]. As part of this WI, validation procedures are to be developed for the different methodologies. This document details the test volume validation for the RC+CE methodology as outlined in [2]. It also provides example measurements, which gives an indication of the DUT sizes that can be tested in the RC+CE test setup.
2. Metric for Test Volume Validation
As discussed in [2], the crucial parameters for defining the RC+CE test volume are the isotropy and the standard deviation of the received field. The procedures defined in TR37.977 and TS34.114 will be used as the baseline to define a validation procedure for the test volume, with the following modifications:

· Isotropy measurements in the extreme positions (boundaries) of the test volume, as well as in positions within the boundaries of the test volume.

· Standard deviation of the power transfer function in line with the procedure outlined in TS34.114, however, in the same positions as defined for the isotropy measurements.

This is described in detail below.
3. Test Volume Validation Setup and Procedure
There are two main RC configurations available in the industry. The first configuration utilizes a turntable for the stirring sequence and thus to emulate the desired environment. Additional stirring procedures might also exist to further improve the accuracy of the emulated channel properties. The DUT is kept on the turntable throughout the measurement sequence, thus moved around in the test volume.

The second configuration does not utilize a turntable, thus instead relying on other stirring procedures for emulating the desired environment. For this case the DUT is kept at a fixed position in the test volume throughout the measurement sequence.

In order to define a generic test volume validation procedure, it is needed to differentiate between these two types of RCs.
3.1 Type 1 Reverberation Chamber – With Turntable

For RCs utilizing a stirring configuration with a turntable, the test volume will consist of a cylinder as depicted in Figure 1. The Test Volume Validation Positions (TVVPs) in this test volume consist of extreme positions, e.g. distances to other metallic and/or absorbing objects and the location on the turntable, as well as additional positions representative to DUT test positions. Based on Figure 1, the following baseline TVVPs are identified:

· TVVP1-3: These three positions correspond to the lower extremes of having the DUT as close as possible to the metallic turntable plate and still fulfil the 0.5 lambda guideline from [3].

· TVVP1 will experience a minimum of statistics, given that a DUT in this position will be kept at the same position throughout the measurement. This position could also be shifted away from the centre of the turntable, if needed for the accuracy of the measurements. For such case, the test volume would be a cylinder with the centre excluded.

· TVVP2 corresponds to additional test position representative to DUT test position for gathering sufficient statistics.

· TVVP3 is the edge of the test volume. This is the position farthest away from the turntable centre that still fulfils the requirement in [3] of being 0.5 lambda separated from other metallic or absorbing objects in the chamber (e.g. chamber walls, stirrers etc.) for all stirrer positions throughout the measurement sequence.
· TVVP4-6: These three positions correspond to additional test positions in the centre azimuth cut of the cylinder representative to DUT test positions, in order to gather sufficient statistics for the validation. The individual points correspond to the same distances from the centre of the turntable as TVVP1-3.
· TVVP7-9: These three positions correspond to extreme points at the upper edge of the test volume, which still satisfy the requirements in [3] of being 0.5 lambda away from metallic or absorbing objects (in this case the metallic stirrer plate; it can also be bounded by the roof of the chamber). The individual points correspond to the same distances from the centre of the turntable as TVVP1-3.
One azimuth cut consisting of 3 TVVPs is shown in Figure 2 for clarity.

In addition to metallic surfaces and objects, different amount of absorbing objects can be used for obtaining the desired chamber characteristics. If such objects exist the boundaries of the test volume must be set as to take these into account. This case is depicted in Figure 3, where the absorber located on the chamber wall decreases the size of the test volume.

The 9 positions defined above will be the TVVPs for Type 1 RCs and will define the valid test volume. The test system vendor should declare these 9 TVVPs for each implementation.
Having nine individual measurements will provide a sufficient statistical ground for concluding on the RC test volume characteristics. It matches the minimum number of points adopted for characterizing the uncertainty related to the chamber statistical ripple and repeatability in TS34.114. Observe however that there will be three orientations measured for each position, in order to calculate the anisotropy coefficients. This means that there will be 27 individual estimates of the power transfer function and all of these shall be used for the standard deviation calculation.
In order to pass the test volume validation, the isotropy in all TVVPs must satisfy the requirements and standard deviation of the power transfer function must result in an acceptable overall uncertainty once combined with the other uncertainty sources. If any of the positions fail the isotropy test or the resulting uncertainty exceeds acceptable limits, the test volume boundaries, and thus the TVVPs, must be redefined and the procedure repeated in the new TVVPs.
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Figure 1   Schematics of the test volume and baseline TVVPs for Type 1 RC.
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Figure 2   Top view schematics of one azimuth cut of the test volume consisting of 3 TVVPs for Type 1 RC.
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Figure 3   Schematics of the test volume and TVVPs for Type 1 RC, when the test volume is bounded by an absorber on the chamber wall.
3.2 Type 2 Reverberation Chamber – Without Turntable

For RCs utilizing a stirring configuration without a turntable, the test volume will consist of a rectangular box as depicted in Figure 4. As for Type 1 chambers, the TVVPs correspond to extreme positions, e.g. distances to other metallic and/or absorbing objects and the location on the turntable, as well as additional positions representative to DUT test positions. Based on Figure 4, the following baseline TVVPs are identified:

· TVVP1-4: These four corner positions correspond to the lower extremes of having the DUT as close as possible to the metallic floor as well as two additional walls of the chamber (or stirrers and other metallic objects) and still fulfil the 0.5 lambda guideline from [3].

· TVVP5-8: These four corner positions correspond to the upper extremes of having the DUT as close as possible to the metallic roof as well as two additional walls of the chamber (or stirrers and other metallic objects) and still fulfil the 0.5 lambda guideline from [3]. The individual points correspond to the same distances from the chamber walls as TVVP1-4.

· TVVP9: This is the centre position of the test volume and represents an additional point representative to DUT test position and provides additional statistics.
In addition to metallic surfaces and objects, different amount of absorbing objects can be used for obtaining the desired chamber characteristics. If such objects exist the boundaries of the test volume must be set as to take these into account, as for Type 1 RCs.

The 9 positions defined above will be the TVVPs for Type 2 RCs and will define the valid test volume. The test system vendor should declare these 9 TVVPs for each implementation.

Having nine individual measurements will provide a sufficient statistical ground for concluding on the RC test volume characteristics. It matches the minimum number of points adopted for characterizing the uncertainty related to the chamber statistical ripple and repeatability in TS34.114. Observe however that there will be three orientations measured for each position, in order to calculate the anisotropy coefficients. This means that there will be 27 individual estimates of the power transfer function and all of these shall be used for the standard deviation calculation.

In order to pass the test volume validation, the isotropy in all TVVPs must satisfy the requirements and standard deviation of the power transfer function must result in an acceptable overall uncertainty once combined with the other uncertainty sources. If any of the positions fail the isotropy test or the resulting uncertainty exceeds acceptable limits, the test volume boundaries, and thus the TVVPs, must be redefined and the procedure repeated in the new TVVPs.
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Figure 4   Schematics of the test volume and baseline TVVPs for Type 2 RC.
3.3 Metric
In each of the positions defined above, the procedure described in Clause C.3.2.5 of TR37.977 shall be used to obtain the test volume validation data. From this data it is possible to calculate the metrics of interest, as described below.

3.3.1 Isotropy
The procedure described in Clause C.3.2.5 of TR37.977 shall be used to evaluate the isotropy in each TVVP.

3.3.2 Chamber Statistical Ripple and Repeatability
From the data obtained with the procedure above the chamber transfer function 
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 is calculated for each TVVP. The normalized standard deviation is then calculated as
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M is the number of antenna positions used for the estimate, in this case 27 (9 TVVPs and 3 orientations in each TVVP).

The value obtained should be inserted into the uncertainty budget in Annex B as the “chamber statistical ripple and repeatability”.
4. Example Measurements

The test volume validation procedure was performed for a Bluetest RTS60 reverberation chamber. This is a Type 1 chamber, thus the procedure in Section 3.1 was used to obtain test volume validation results. The frequency used for these measurements was 881.5 MHz. Using a low frequency represents a worst case scenario, since the effective test volume will be larger and the uncertainties lower for higher frequencies.
The test positions in the chamber are mapped to the TVVPs in the following manner:

	Test Volume Validation Position
	Height above reference point*
[cm]
	Radius

[cm]

	TVVP1
	0
	0

	TVVP2
	0
	16

	TVVP3
	0
	32

	TVVP4
	36.5
	0

	TVVP5
	36.5
	16

	TVVP6
	36.5
	32

	TVVP7
	66.5
	0

	TVVP8
	66.5
	16

	TVVP9
	66.5
	32


*Reference point at least 0.5λ above the turntable.
Observe that the TVVPs in this case were limited to the range of the holder. The test volume may thus be possible to extend further.
The procedure described in Section 3.3 was used to capture data in each of these positions. From this data the anisotropy coefficients were calculated and the chi-squared value estimated. These results are shown below.

	Test Volume Validation Position
	Isotropy, Chi-squared

	TVVP1
	11.33

	TVVP2
	25.03

	TVVP3
	13.32

	TVVP4
	11.27

	TVVP5
	9.60

	TVVP6
	23.12

	TVVP7
	17.53

	TVVP8
	19.92

	TVVP9
	14.21


According to [4], a chi-squared value less than or equal to 29.14 means acceptable isotropy (1% significance level). Thus it can be concluded that the isotropy is within acceptable limits for all TVVPs.
The standard deviation for the power transfer function was calculated according to the procedure in Section 3.3.2. This yielded a standard deviation of 0.17 dB ,that is, well within the expectations (the value in the MU budget in Table B.5-1 of TR37.977 for the chamber statistical ripple and repeatability is 0.40 dB).
This analysis verifies a valid cylindrical test volume with diameter of 64 cm and height of 66.5 cm.

5. Conclusions
This document provides the procedure for validating the test volume for the RC+CE methodology. This procedure is applied to the Bluetest RTS60 and a cylindrical test volume with radius of 64 cm and height of 66.5 cm is validated. This represents a worst case, partly because the validation is performed for a low frequency, but also since the antenna holder limited the achievable range.
A CR to TR37.977 is provided in [5] to add the test volume validation for the RC+CE methodology.

References
[1] 3GPP RP-160603, “New WID: Radiated performance requirements for the verification of multi-antenna reception of UEs”, Intel Corporation, March 2016.

[2] 3GPP R4-162503, “RC+CE Validation Project Plan”, Bluetest, CTTC, April 2016.
[3] D. A. Hill, “Boundary Fields in Reverberation Chambers”, IEEE Transactions on Electromagnetic Compatibility, Vol. 47, No. 2, May 2005.

[4] P.M. Shankar, “Introduction to Wireless Systems,” John Wiley & Sons, 2002, Section 2.5.
[5] 3GPP R4-162505, “CR to TR37.977: RC+CE Test Volume Validation”, Bluetest, CTTC, April 2016.
3GPP


_1520926198.unknown

_1520926206.unknown

_1520923696.unknown

