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1. Introduction

The project plan for completing the RC+CE validation procedures was approved at the 3GPP RAN4#78bis meeting [1]. At the RAN4#79 meeting, an update on the Rayleigh fading validation procedure which includes test tolerances for the Reverberation Chamber methodology was also approved [2]. Several other contributions presented at the RAN4#79 meeting provided measured results in different reverberation chambers using the procedure in [2], whereby a 2x4 channel model setup was found to provide good matching to ideal Rayleigh-fading chi-squared and K-factor values within reasonable tolerances. 
In this document, in addition to presenting Rayleigh-fading measured results for the reverberation chamber test systems by EMITE (without source stirring), the presented additional measured data  using 2x8 channel models set-ups to provide Rayleigh-fading scenarios well within test tolerances for the RC+CE test methodology. A Rayleigh validation comparison values is presented using 2 input ports to the RC (2x2) with fixed antennas, 4 input ports to the RC with fixed antennas (2x4), and 8 input ports to the RC with fixed antennas (2x8). None of these options have made use of source-stirring, which may enhance the results.
This document has been made in co-operation with EMITE, a manufacturer of MIMO OTA Test Systems, extending the document already presented at the RAN4#80 meeting [3].
2. Measurement Setup and Procedure
For MIMO OTA, it has been discussed at 3GPP level that using multiple output ports of the channel emulator that go into the reverberation chamber can be used to mitigate the double Rayleigh effect due to the cascading of two Rayleigh faded environment, those of the reverberation chamber and the channel emulator in the RC+CE test methodology. 
The test results shown in this document have been made with the EMITE E500 Reverberation Chamber. The test tolerances defined in [2] were evaluated using the chi-squared value of the measured field values, calculated in line with [2] for different number of connections (or “port counts”) and from one of the two symmetric input ports of the channel emulator. This was done for 2, 4, and 8 fixed output ports of the channel emulators, which are then used as inputs to the reverberation chamber.
All the measurements reported in this document have been performed in an 8x8 EMITE E500 MIMO Analyzer Reverberation Chamber using a stepwise stirring sequence and both short delay low correlation (SDLC) and long delay high correlation (LDHC) channel models through an Anite Propsim FS8 channel emulator. The validation measurements were performed at both 751 (Band 13) and 2655 (Band 7) MHz and VNA samples were taken each 1 MHz. Source stirring, which can further enhance the results, was not used for these evaluation tests.
3. Results
Tables I and II show the chi-squared value for each of the measured TVVPs and orientations [2-4] for 8 port counts, for the short delay spread low correlation (SDLC) and the long delay spread high correlation (LDHC) channel models, and averaging over the 746-756 MHz band (Band 13) and the 2650-2660 MHz band (Band 7), respectively, following the measurement procedures of Annex C.3.2.4 of [4].

Table I   Measured Chi-squared values for the SDLC and LDHC channel models, at 746-756 MHz (Band 13) and 2650-2660 MHz (Band 7).
	Channel Model
	TVVP 1-1
	TVVP 1-2
	TVVP 1-3
	TVVP 3-1
	TVVP 3-2
	TVVP 3-3

	SDLC (Band 13)
	15.21
	13.82
	14.64
	16.31
	13.22
	14.57

	SDLC (Band 7)
	17.03
	15.56
	16.08
	18.22
	15.41
	17.83

	LDHC (Band 13)
	14.76
	12.29
	13.87
	15.53
	13.78
	14.29

	LDHC (Band 7)
	14.98
	13.46
	14.12
	16.24
	13.56
	14.64


As can be seen from this table, the chi-squared value is within the limit (< 27.69) for all cases.

Figures 1 and 2 show the average chi-squared as a function of the port count for the SDLC and LDHC channel models, respectively. They also show the ideal value of 27,69 [2]. From these figures it can be observed that the 4-port setup is very close to the ideal value, and the 8-port setup is far lower, as in other previous contributions.
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Figure 1. Average chi-squared value for 2, 4 and 8 input ports using the SDLC channel model.
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Figure 2. Average chi-squared value for 2, 4 and 8 (worst case) input ports using the LDHC channel model.

It is also clearly observed that the chi-squared value is significantly reduced when increasing the number of input ports, and that there are variations over frequency due to the statistical nature of the chi-squared value, as expected. Averaging the chi-squared value over the signal bandwidth provides a much more stable result and a clear reduction in the chi-squared value with increasing port count can then be observed as in other previous contributions to 3GPP. Finally, similar chi-squared results are obtained for SDLC and LDHC channel models.
In addition, the K-factor was calculated for the same TVVPs and orientations, for the same 8 port counts. The results are depicted in Table II, for the same LDHC and SDLC channel models, and bands 13 and 7, respectively.

Table II   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

	SDLC (Band 13)
	-30.27
	-28.56
	-29.69
	-28.14
	-25.10
	-26.12

	SDLC (Band 7)
	-30.65
	-28.42
	-29.52
	-28.43
	-25.62
	-26.26

	LDHC (Band 13)
	-31.29
	-29.37
	-30.27
	-29.59
	-26.47
	-27.38

	LDHC (Band 7)
	-32.43
	-30.41
	-31.45
	-30.06
	-27.09
	-28.41


The K-factor is observed to be very low for all cases, with peak 2x8 values of -25,1 and -26,47 dB for the SDLC and LDHC channel models, respectively. These results are well below the test tolerance of -10 dB defined in [2]. It can also be observed, as in other previous contributions, that the K-factor is relatively stable over different channel models and number of input ports, always well below the -10 dB test tolerance defined in [2].
4. Conclusions
The test tolerances defined in [2] are validated for the EMITE E500 Reverberation Chamber. The use of a 2x8 channel model setup in the RC+CE test methodology has proven as an efficient tool for improving the Rayleigh fading characteristic and for achieving the required chi-squared and K-factor values for MIMO OTA testing under the 3GPP standard. This is in line to other previous findings. Results show that a 2x4 channel model setup fulfils the K-factor requirements but fails by a slight amount to meet the Chi-squared 5% threshold value. This means that at least 5 output ports are needed at the Channel Emulator for achieving the required chi-squared values at the 3GPP standard. Results also indicate that the use of a 2x4 channel model setup in the RC+CE test methodology has proven so close to achieve the required chi-squared values for MIMO OTA testing under the 3GPP standard than it is possible to envisage that applying source stirring at the RC side results may improve. By selecting several sets of 4 antennas among all the available transmitting antennas in the RC, something which has not been performed in these tests, it may be possible to reduce even more the required chi-squared values for the 2x4 channel model setup so as to meet the Chi-square requirements, enabling this 2x4 channel model setup with source stirring as a valid setup in the RC+CE test methodology for MIMO OTA testing under the 3GPP standard. Future work will test whether source-stirring can in fact enable 2x4 channel model setups for MIMO OTA testing under the 3GPP standard.
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