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1. Introduction

This contribution is providing updated results for the RC+CE Rayleigh validation as defined in [1], using the ETS-Lindgren Reverberation Chamber AMS-7200.
2. Measurement Setup
The ETS-Lindgren’s AMS-7200 Wireless Reverb OTA Test System (Fig.1), along with EMQuest software was used.

Table 1 shows the equipment used for these tests.

	Reverberation Chamber
	ETS-Lindgren AMS7200

	Chamber dimensions (m)
	4.83L x 3.61W x 3.05H

	Channel Emulator
	FS8

	Network Analyzer
	ZVA24

	Dipole
	Model 3126-722


Table 1: Equipment list.
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Fig 1: ETS-Lindgren AMS-7200 Wireless OTA Reverb Test System.
3. Results
3.1 Rayleigh Validation

Due to the statistical properties of the chi-square test, a small number of samples maybe misleading when trying to determine if a sample belongs to a Rayleigh distribution (Fig.2), therefore a large number of samples is desired, much larger than what is normally used for DUT testing.

[image: image2]
Fig. 2: Chi-square value for multiple number of DRayleigh streams

In [1], a method is proposed to increase the number of samples used to evaluate the Rayleigh validation while keeping the same statistics as the stirring sequence that will be used during DUT testing. This can be shown in Fig. 3, where the amplitude distribution of two stirring sequences is shown to have similar characteristics. The original DUT stirring sequence consisted of 200 samples. The one used in the validation had 1000 samples. Fig. 3 has the results of both stirring sequences (200 and 1000 samples) at the same IR..
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Fig. 3: Amplitude distribution for two stirring sequences
Following [1], the chi-square for each frequency used for Rayleigh validation is shown in Fig.4, without averaging, for the 2 stirring sequences used in this analysis when 4 antennas are used. The K-factor was found to be < -10dB for all cases. We can see the variability of the chi-square test.

[image: image4]
Fig. 4: Chi-square results for two stirring sequences
Using 1000 samples we obtained the final (averaged) chi-square results, according to [1], for different number of antenna configurations as shown in Fig. 5.


[image: image5]
Fig. 5: Chi-square results for 1000 samples according to [1].
This follow the simulated results as expected, showing that increasing the number of samples while keeping the same channel characteristics can be achieved.
3.2 Throughput results

The effect of using different number of antenna configurations when measuring throughput has been discussed previously in [2]. For the results shown in this contribution 2 commercially available devices (DUT1, and DUT2), from different manufacturers were used. Due to the limited time available only  band 2 was tested for both devices, and the effect of continuous vs step stirring mode was compared against the 8 antenna configuration in Fig. 6, and Fig. 7, for 70% and 95% throughput threshold levels using 2, 4, and 6 antenna configurations.
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Fig. 6: Delta from 8 antenna configuration for 70% TP threshold level 
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Fig. 7: Delta from 8 antenna configuration for 95% TP threshold level 

It can be seen from these results that as the number of antenna increases, the differences between configurations are smaller. The largest differences are found in the 2 antenna configuration for the Uma channel model. The differences between step and continuous stirring was < 1.5dB in all cases.
The throughput curves for the SDLC and LDHC channel models are shown in the following figures, and it ca be seen that when using more than 4 antennas the differences between configurations are smaller in step mode.
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Fig. 8: Throughput curves for the SDLC channel model in step mode 
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Fig. 9: Throughput curves for the SDLC channel model in continuous mode 

[image: image10.emf]Throughput vs. Angle
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Fig. 10: Throughput curves for the LDHC channel model in step mode 
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Fig. 11: Throughput curves for the LDHC channel model in continuous mode 

4. Conclusions
This contribution provides Rayleigh validation results according to [1] for different antenna configurations, and it also shows that 4 or more antennas may be needed in order to pass the Rayleigh validation in an RC+CE environment. 
Data to support the method to increase the number of samples described in [1] is also provided, and it was shown that the number of samples can be increased while keeping the channel statistics for a better chi-square analysis. 
The throughput results for different antenna configurations using the SDLC and LDHC channel models were also provided, showing that when using 2 antenna configuration the largest variations were observed with the LDHC channel model. As the number of antenna increases the result become more stable for both channel models. Smaller differences between antenna configurations (> 4 antennas) were found when using step mode compared to continuous mode.
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