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1. Introduction

At the RAN4#78bis meeting the procedure for validating the RC+CE test volume was approved [1]. One of the main metrics for this validation procedure is the isotropy, described in Annex C of TR97.977. This validation has ever since it was first included in TR37.977 been performed without the channel emulator also for the RC+CE methodology. The reason for this is that the isotropy is validating the spatial receiving characteristics, which are solely dependent on the spatial properties of the RC. The fictitious spatial receiving characteristics that can be programmed to the channel emulator do not affect the true spatial receiving characteristics inside the RC.
This document clarifies the spatial properties and the various correlation aspects of the RC+CE methodology, in order to support the setup used for the isotropy validation measurement. In addition, it shows that the Rayleigh validation test captures any limitations in the signal transmission into the chamber.
2. Channel Properties of the Cascaded RC and CE
The RC+CE methodology consists of cascading the RC with a CE. In this way, the temporal properties of the channel can be controlled by configuring the CE with different PDPs and Doppler spreads. Also the transmitting spatial properties can be controlled with the CE, i.e. the base station antenna correlation. The spatial characteristics of the receiving side, however, are exclusively dependent on the inherent properties of the RC, i.e. the statistically isotropic characteristics. In this way, the RC and the CE together emulate the properties of the desired channel model, i.e. the PDP, Doppler spread, transmitting spatial properties and receiving spatial properties. These are also the properties verified in the channel model validation outlined in Annex C of TR37.977. Given that the PDP, Doppler spread, BS antenna correlation and Rayleigh distribution are affected by the CE, it is of course needed to include the CE in the validation test setups for these parameters. However, since the spatial receiving characteristics are not affected by the CE, there is no need to include the CE in the validation test setup for the isotropy. Including the CE for the isotropy measurements would make the procedure much more complex and increase the uncertainty of the measurement.
3. Correlation Properties
In order to understand that the spatial receiving characteristics are not dependent on the CE, it is important to understand the various correlation aspects of the test setup. As described in Section 6.3.2.2 of TR37.977, the correlation matrix programmed to the CE is the Kronecker product of the transmitter correlation matrix and the “receiver” (Rx) correlation matrix. The “Rx” correlation matrix in this case corresponds to the correlation between the fictitious receiver antennas in the CE and should be set to identity (no correlation). It is important to note that this “Rx” correlation affects how the signal is transmitted into the chamber only (the instantaneous signal levels at each chamber antenna) and does not affect the true spatial receiving properties at the DUT location inside the RC. Once the signal is transmitted into the chamber, it will undergo multiple reflections, resulting in statistically isotropic receiving characteristics. The receiving spatial correlation properties at the DUT location will thus exclusively be dependent on this isotropic environment, as described in [2]. An overview of these various correlation aspects is provided in Figure 1.
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Figure 1   Overview of the cascaded RC+CE test setup and the different correlation aspects.
The fact that the “Rx” correlation matrix impacts the signal transmission into the chamber can be seen by studying the signal distribution at the DUT location. In order to illustrate this, Rayleigh validation measurements were performed with and without “Rx” antenna correlation programmed to the channel emulator. Table 1 shows the validation results for a 1-port setup (double Rayleigh), 4-port setup without “Rx” antenna correlation and 4-port setup with perfect “Rx” antenna correlation. As can be seen in this table, the 4-port setup with perfect “Rx” correlation differs significantly from the case without “Rx” correlation and instead gives a chi-squared value similar to the 1-port setup. These results show that the “Rx” antenna correlation affects the transmission of the signal into the chamber and thus the achieved fading inside the chamber, rather than the spatial receiving properties. It can further be concluded that the validation of the CE “Rx” antenna correlation setting is included in the Rayleigh validation procedure. If this correlation is not properly set, the setup will not pass the Rayleigh validation.
Table 1   Rayleigh validation results (chi-squared) for different port counts and CE “Rx” correlation. These measurements have been performed for the LDHC channel model.
	Frequency
	Chi-squared
	

	
	1 Port
	4 Ports
	4 Ports, Rx Corr 1

	
	
	
	

	746
	317,92
	26,4
	314,89

	747
	313,16
	57,06
	299,17

	748
	298,4
	16,35
	312,74

	749
	318,7
	42,27
	324,89

	750
	356,82
	25,69
	306,35

	751
	291,76
	35,84
	354,26

	752
	322,83
	37,65
	355,15

	753
	329,98
	18,61
	308,61

	754
	311,46
	48,25
	313,9

	755
	375,93
	40,75
	291,02

	756
	237,27
	25,66
	328,49

	Mean
	315,839
	34,0482
	319,0427273

	
	
	
	

	
	
	
	

	
	
	
	

	2650
	164,32
	25,93
	252,42

	2651
	110,42
	36,14
	337,95

	2652
	171,85
	42,51
	252,03

	2653
	146,7
	31,11
	229,14

	2654
	155,01
	50,6
	212,62

	2655
	182,54
	32,12
	226,7

	2656
	161,76
	17,39
	286,37

	2657
	119,05
	36,46
	322,03

	2658
	145,75
	40,12
	302,8

	2659
	182,95
	22,92
	345,1

	2660
	182,65
	45,51
	267,33

	Mean
	156,636
	34,6191
	275,8627273


In order to further clarify the effect of a cascaded channel and the validity of the Rayleigh validation for such a setup, measurements were also performed using two cascaded channel emulators connected to the RC. This setup is shown in Figure 2, where both channel emulators provided a Rayleigh fading (as well as the chamber via the mode stirrers, turntable and antenna switching). 2 output ports were connected from CE1 to CE2 and 4 output ports were connected from CE2 to the chamber. The results from Rayleigh validation measurements using this setup can be studied in Figure 3. For comparison, Figure 4 shows the results using CE1 connected directly to the chamber with 2 connections and Figure 5 shows the results when CE2 only is connected to the chamber with 4 connections (CE1 not used, VNA connected directly to CE2). From these figures it is observed that the resulting fading using the setup in Figure 2 does not align with the normal 4-port RC+CE setup using a single CE, despite that there are four connections to the chamber from CE2. In fact, the distribution is actually further away from the theoretical Rayleigh compared to the case with using a single CE 2-port setup. This clearly shows that any limitation introduced in the signal transmission into the chamber will show up in the Rayleigh validation test. The limitation in this case is due to the limited connections from the first channel emulator, but is valid for any type of limitation introduced in the transmission link between two or more faded environments.
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Figure 2   Setup used for Rayleigh validation measurements using two channel emulators.
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Figure 3   Rayleigh validation results from measurements using two cascaded channel emulators (setup in Figure 2). Black curve shows measured results and blue curve shows the CDF for a theoretical Rayleigh distribution.
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Figure 4   Rayleigh validation results from measurements using CE1 connected directly to the chamber via two connections (CE2 not used). Black curve shows measured results and blue curve shows the CDF for a theoretical Rayleigh distribution.
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Figure 5   Rayleigh validation results from measurements using CE2 connected to the chamber via four connections (CE1 not used). Black curve shows measured results and blue curve shows the CDF for a theoretical Rayleigh distribution.
4. Conclusions
This contribution provides a clarification of the spatial properties of the RC+CE test setup. In particular, the various correlation aspects are described in detail. It is shown that the fictitious “receiving” antenna correlation matrix in the CE affects the achieved fading, rather than the spatial receiving characteristics at the DUT location. Thus, the spatial receiving characteristics in the RC is exclusively dependent on the RC setup, which means that the validation of the spatial receiving characteristics of the RC+CE channel model, i.e. the isotropy validation, can be performed without the CE included in the test setup. Also, any limitation in the signal transmission into the chamber will be included in the Rayleigh validation.
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