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1. Introduction

Updates to the Rayleigh validation procedure were agreed in 3GPP Ran4#79 (Nanjin), and included in [1]. These changes were needed in order to make sure that the differences caused by the double Rayleigh effect are captured during the RC+CE system validation. One of the agreements made during the meeting was to use the chi-square test to determine which setups can be allowed by the test plan [2].
This contribution highlights some problems found when using the validation procedure mentioned above.
2. Measurement Setup
The ETS-Lindgren’s AMS-7000 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 AMS-7000

	Chamber dimensions (m)
	2.1L x 1.3W x 1.6H

	Channel Emulator
	Vertex

	BSE
	CMW500

	Network Analyzer
	ZVA24


Table 1: Equipment list.
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Fig 1: ETS-Lindgren AMS-7000 Wireless OTA Reverb Test System.
3. Results
3.1 Rayleigh Validation

It is believed that there is a cascading effect produced when the Rayleigh fading created by the RC combines with the Rayleigh fading in the channel model generated by the CE used for MIMO TP testing. This scenario would create what it is known as a double Rayleigh effect [3]. This was also believed to be the reason for the differences seen when small number of antennas are used, as it was also shown in [3] that the theoretical capacity curve, and conducted measurements agree that a double Rayleigh effect will cause the same differences in the results. Therefore, a procedure was created in [1], that should make sure that the fading in the RC+CE is Rayleigh distributed as in the channel model, by making sure there was enough number of signal sources used, then according to the Central Limit Theorem, the resultant signals will have a Rayleigh amplitude distribution.
Using the Rayleigh Validation procedure found in [1], the results have shown that as the number of antennas increases, the chi-square test results decreases as seen in Fig. 2, as expected according to the Central Limit Theorem.
 SHAPE  \* MERGEFORMAT 



Fig. 2: Chi-square results for 1000 samples [4]
Therefore, we concluded that in order to have a Rayleigh faded channel inside the RC+CE configuration during MIMO testing, it was necessary to have 4 or more antennas. This procedure would effectively check that the double Rayleigh effect caused by the RC+CE configuration is minimized, and therefore the differences in the results when using small number of antennas will be small. 

This contribution tested that claim
3.2 Throughput curves for different antenna configuration
The effect of using different number of antennas when measuring throughput in TM3 has been discussed previously in [3,4]. This can be seen in Fig. 3, where the measured TP curves are shown for for 2, 4, 6, and 8 antenna configurations. We can see that the delta from 2 to 4 antennas is the largest, and the results start converging when the number of antennas is >4.
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Fig. 3: Throughput curves for the SDLC channel model
The problem is that when the Rayleigh Fading from the Channel model is removed by using a new channel with static propagation conditions, then the difference in the TP curves don’t improve.
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Fig. 4: Throughput curves for the static channel model

By removing the Rayleigh fading from the CE, then there is no possibility of having a double Rayleigh effect, but the differences in the different antenna configurations are still present for TM3, which indicates that these differences are due to something else, not to double Rayleigh.

3.3 Measurements vs Theory
It has been shown with simulations [3] that there is a difference of approximately 3dB between 2 and 4 antenna configurations, when double Rayleigh fading is present. This was also verified by using an updated conducted model that includes the cascading of the Rayleigh fading generated by the CE, effectively creating a double Rayleigh fading.
This shows that the double Rayleigh fading should degrade the receiver performance, causing a similar effect to what we are seeing in Fig.3, therefore, we have two different scenarios with similar behavior, but due to different causes. 
If double Rayleigh is present in the RC+CE configuration, its effect should be added on top of what it was noticed before in Fig. 4, that we know it wasn’t due to double Rayleigh. This added effect should be very clear in the 2 or 4 antenna configurations, where the differences are larger for both cases.
We have shown that this is not the case. The differences due to the number of antennas used are similar regardless of the presence of the CE’s Rayleigh fading, therefore we can conclude that there is no double Rayleigh fading in the RC+CE configuration. 

3.4 Rayleigh distributed measurements vs Rayleigh Fading
As discussed before, the Rayleigh validation (Fig.2) shows that the RC+CE configuration creates a double Rayleigh effect when 4 or less antennas are used. This is due to the assumption that if samples are taken using the same stirring sequence and setup that will be used for DUT testing, their measurement distribution will be a representation of the channel statistics the DUT will be going through during testing. Therefore, if samples taken this way have a double Rayleigh distribution, then the DUT measurements will be the equivalent of what we would get in a double Rayleigh faded channel environment. There is no evidence that this assumption is true for MIMO testing, and also there is no agreement between this assumption and the measurement results. 
We have shown that the DUT receiver doesn’t experience any double Rayleigh effect in the RC+CE with any antenna configuration, even if the Rayleigh validation says otherwise. This highlights the fact that our Rayleigh validation procedure has a problem.

The Rayleigh distributed measurements inside the RC are currently a requirement in order to pass the isotropy validation [1], but this is a lengthy process, and all it tells is that the uncorrelated measurements obtained with a stirring sequence are Rayleigh distributed. This method is no longer applicable when the CE’s Rayleigh fading is present. 
A Rayleigh faded channel is created by ‘rapid’ fluctuations of the phase and amplitude of the signal [5], therefore we should be measuring the distribution and effect that these rapid fluctuations will have on the receiver sensitivity, not the distribution of the uncorrelated measurements over a whole stirring sequence, which have been shown not to have a direct relationship with the receiver sensitivity. This may be the reason why measurements made in the RC+CE don’t agree with the validation results.
4. Conclusions
This contribution shows that the current Rayleigh validation procedure for the RC+CE is not able to identify the kind of faded channel the DUT is going through during testing. It doesn’t agree with simulated and measured results.

It also shows that even if the RC measurements created by a stirring sequence have a double Rayleigh distribution, that doesn’t imply that the receiver is seeing a double Rayleigh faded channel. The same should be true for a Rayleigh faded channel.
Any future work should include a more realistic environment, e.g. using the channel emulator to create the Rayleigh fading conditions. This way the degradation on receiver sensitivity produced by the fading can be accurately measured, and then compared to the results in the RC in order to properly identify the kind of fading available during actual testing in the RC+CE configuration.
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