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1. Introduction

At the RAN4#79 meeting the validation procedures for the RC+CE methodology were finalized [1]. These procedures validate the PDP, Doppler, base station correlation, Rayleigh fading, isotropy and the test volume of the chamber.

This contribution provides the results from the complete validation procedure for the Bluetest RC+CE test setup using 8 output ports from the CE.

2. Test Setup
The validation procedures were performed in the Bluetest RTS60 combined with the Spirent VR5 channel emulator. 8 output ports were connected to 8 chamber antennas, as shown in Figure 1. The complete list of equipment used for the validation procedures can be found in Table I.
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Figure 1   RC+CE validation measurement setup for the 8-port configuration. For Doppler validation, the VNA is replaced with a signal generator and spectrum analyzer.
Table I   Equipment used for the validation of the Bluetest RC+CE measurement setup.
	Equipment
	Model
	Comment

	Reverberation Chamber
	Bluetest RTS60
	8 chamber antennas

	Channel Emulator
	Spirent VR5
	8 output ports

	VNA
	R&S ZNB
	

	Spectrum Analyzer
	R&S FSV
	For Doppler measurements

	Signal Generator
	R&S CMW500
	For Doppler measurements


3. Validation Results
This section provides the results from the various validation measurements. All procedures used for the measurements and data analysis align with Annex C.3 and Annex G.1 of [2]. Both the short delay spread low correlation (SDLC) and the long delay spread high correlation (LDHC) channel models were validated. A center frequency of 881.5 MHz (LTE band 5) was used for all measurements.
3.1 PDP
The measurement procedures and data analysis align with Annex C.3.2.1 of [2].

Figure 2 and Figure 3 show the results from the PDP validation measurements for the LDHC and SDLC channel models, respectively. [image: image2.png]Power [dB]
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Figure 2   Results from PDP validation measurements for the LDHC channel model.
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Figure 3   Results from PDP validation measurements for the SDLC channel model.

3.2 Doppler
The measurement procedures and data analysis align with Annex C.3.2.2 of [2].

Figure 4 and Figure 5 show the results from the Doppler validation measurements for the LDHC and SDLC channel models, respectively.
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Figure 4   Results from Doppler validation measurements for the LDHC channel model. The red vertical lines represent the ideal maximum Doppler shift for 30 km/h (24.5 Hz).
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Figure 5   Results from Doppler validation measurements for the SDLC channel model. The red vertical lines represent the ideal maximum Doppler shift for 30 km/h (24.5 Hz).
3.3 Base Station Correlation
The measurement procedures and data analysis align with Annex C.3.2.3 of [2].

Figure 6 and Figure 7 show the results from the base station correlation validation measurements for the LDHC and SDLC channel models, respectively.
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Figure 6   Results from base station antenna correlation validation measurements for the LDHC channel model.

[image: image7.png]Correlation
© o o o
w S o o

o
i

o

0 i i i i i i i
877 878 879 880 881 882 883 884 885 886
Frequency [MHz]

— Measured correl — |deal correlation |





Figure 7   Results from base station antenna correlation validation measurements for the SDLC channel model.

3.4 Rayleigh Fading
The measurement procedures and data analysis align with Annex C.3.2.4 of [2].

Table II shows the chi-squared values calculated for two different TVVPs (see Section 3.5) and three orientations for each TVVP for the LDHC and SDLC channel models. As can be seen from these tables, the chi-squared value is within the limit (< 27.69) for all cases.

Table II   Chi-squared values for the LDHC and SDLC channel models.

	Channel Model
	TVVP 1-1
	TVVP 1-2
	TVVP 1-3
	TVVP 3-1
	TVVP 3-2
	TVVP 3-3

	LDHC
	22.35
	19.48
	16.96
	21.78
	20.69
	25.91

	SDLC
	20.36
	18.35
	17.39
	21.32
	21.50
	20.23


In addition, the K-factor was calculated for the same positions and orientations as described above. The result is shown in Table III for the LDHC and SDLC channel models, respectively. All values are within the limit (< -10 dB).

Table III   K-factor for the LDHC and SDLC channel models.
	Channel Model
	TVVP 1-1
	TVVP 1-2
	TVVP 1-3
	TVVP 3-1
	TVVP 3-2
	TVVP 3-3

	LDHC
	-27,36
	-28,88
	-31,69
	-25,63
	-33,46
	-36,94

	SDLC
	-32,25
	-34,23
	-25,27
	-29,57
	-34,11
	-28,09


3.5 Isotropy and Test Volume
The measurement procedures and data analysis align with Annex C.3.2.4 and Annex G.1 of [2].

The Bluetest RTS60 is a Type 1 RC, with a schematic setup as shown in Figure 8. The TVVPs map to the physical dimensions as shown in Table IV. For each TVVP three orthogonal orientations were used, denoted 1.1, 1.2 and 1.3 (and similarly for the other TVVPs).
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Figure 8   Schematics of the Bluetest RTS60 and the corresponding TVVPs.
Table IV   Physical dimensions of the TVVPs.

	Test Volume Validation Position
	Height above reference point*

[cm]
	Radius

[cm]

	TVVP1
	0
	0

	TVVP2
	0
	16

	TVVP3
	0
	32

	TVVP4
	30
	0

	TVVP5
	30
	16

	TVVP6
	30
	32

	TVVP7
	60
	0

	TVVP8
	60
	16

	TVVP9
	60
	32


*Reference point at least 0.5λ above the turntable.

The chi-squared values for the 2 and 3 orientation anisotropy coefficients are given in Table V. As can be seen, all values fall within the limits (< 21.67 and < 23.21 for 2 and 3 orientation anisotropy coefficients, respectively).
Table V   Chi-squared for 2 and 3 orientation anisotropy coefficients for all TVVPs.

	
	Chi-squared
	
	
	
	
	
	
	

	
	TVVP 1
	TVVP 2
	TVVP 3
	TVVP 4
	TVVP 5
	TVVP 6
	TVVP 7
	TVVP 8
	TVVP 9

	3 orientations
	12,8
	18,58
	13,92
	15,05
	11,3
	14,48
	13,98
	11,98
	16,72

	2 orientations XY
	6,18
	10,95
	11,15
	5,95
	8,92
	8,18
	10,68
	9
	10,87

	2 orientations XZ
	10,18
	11,8
	9,85
	7,05
	6,18
	10,55
	8,07
	9,27
	8,48

	2 orientations YZ
	10,6
	8,78
	8,33
	9,22
	10,5
	10,33
	10,42
	8,98
	9,68


In addition to the isotropy validation, the chamber statistical ripple and repeatability is calculated according to Annex G.1.2.2 using all 27 measurements. The standard deviation obtained is 0.36 dB.
4. Conclusions
This contribution provides data from validation measurements for the Bluetest RC+CE 8 port configuration test setup. The measurement procedures and data analysis align with the updates approved in the RAN4#79 meeting. The results show that the Bluetest test setup provides an accurate channel model implementation and a cylindrical test volume with a radius of at least 32 cm and height of at least 60 cm.
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