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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 has been presented [2], and several other contributions presented at the RAN4#79 meeting have also provided measured results in different reverberation chambers using the procedure in [2]. In this document, in addition to presenting Rayleigh-fading measured results for the reverberation chamber test systems by EMITE, a Rayleigh validation comparison is made between results using 2 ports with fixed antennas, 4 ports with 2 fixed antennas, 8 ports with fixed antennas and results using 2, 4 and 8 ports but using up to 8 non-fixed antennas in a switched manner, a technique also known as source stirring. Results show that using 8 fixed ports is equivalent to using a lower number of fixed ports (2 or 4) but employing source-antenna stirring with 8 antennas to switch to. 

This document has been made in co-operation with EMITE, a manufacturer of MIMO OTA Test Systems.
2. Measurement Setup and Procedure
For MIMO OTA, it has been discussed at 3GPP level that using multiple input ports on the reverberation chamber can be used to mitigate the double Rayleigh effect due to the cascading of two Rayleigh faded environment. 
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 chi-squared value of the measured field values, calculated in line with [2] for different number of connections (or “port counts”). This was done for 2, 4 and for 8 fixed input ports. In addition to these tests, the use of source stirring was also evaluated. With the source-stirring technique, 2 or 4 ports were source-stirred using a total number of 8 transmit antennas with an RF switching system, that is, the 2 or 4 fixed input ports at the RC were connected to different sets of 2 or 4 transmit antennas (combinations of 8 antennas taken in sets of 2 or sets of 4), which provided additional results to be used in the evaluation of Rayleigh distribution in the same way as the DUT would be tested against.

All the measurements reported in this document have been performed in an 8x8 EMITE E500 MIMO Analyzer Reverberation Chamber using a stepped stirring sequence and long delay high correlation. The validation measurements were performed for the most restrictive low frequency band (band 13).
3. Results
Table 1 shows the number of ports, the measured chi-squared value averaged for the measured bandwidth as well as the chi-squared limit and the source-stirring combination employed. Figure 1 shows the measured CDF distribution when using all 8 ports while figure 2 shows the CDF distribution when using only two ports and no source-stirring.
Table 1   Chi-squared values for 746-756 MHz.
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   1     2     3     4     5     6     7     8 NO 13.9596 27.6882 YES
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Figure 1. Measured CDF using 2 fixed ports.
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Figure 2. Measured CDF using 8 fixed ports.

From these results, the following can be concluded

· The band-averaged chi-squared value significantly improves when using source-stirring

· When using 2 or 4 fixed input ports, the use of 8 antennas with source-stirring provides equivalent Rayleigh-fading results below the ideal value of 27.69 [2] than using 8 fixed input ports. 
4. Conclusions
The test tolerances defined in [2] are validated for the EMITE E500 Reverberation Chamber. Furthermore, the use of 8 antennas and source-stirring, while electronically more complex, has proven as an efficient tool for improving the Rayleigh fading characteristic and for achieving the required chi-squared values using either 2 or 4 fixed input ports.
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