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1. Introduction
The two-stage method requires performing a non-intrusive antenna pattern measurement inside the anechoic chamber as the first stage to do the MIMO OTA throughput measurements. The antenna pattern measurement based on RSRP measurement is proposed in [1], which include two measurements 1) Reference signal antenna power (RSAP) and 2) Reference signal antenna relative phase (RSARP). In this contribution, an updated procedure for the antenna pattern measurement, validation and calibration is provided for two-stage method to progress the work on pattern measurement accuracy and calibration which will be more fully studied in a later work item.
The emphasis here is on a procedure and so no specific figures are provided here for required accuracy as this will form the basis of future work.
2. Antenna Pattern and Calibration Procedure
The antenna pattern measurement and calibration procedure are as follows:

1) Validate the RSAP and the RSARP measurement stability for the same antenna orientation. This can be done quickly inside the anechoic chamber by fixing the antenna orientation and performing repeated measurements. The distributions of RSAP and RSARP can be checked to see how stable the device report is. If it is very stable, then in the following antenna pattern measurement, single measurement can be enough. If the distribution of RSAP and RSARP are wider (e.g. if measured at very low power), then a median filter should be applied to pick the report result from multiple measurements with the largest probability. A simple way could be perform multiple measurement for each antenna orientation directly and apply median filter to pick the measurement results for the given antenna orientation.
2) For any fixed an antenna orientation change the down link power and measure the RSAP and RSARP accordingly.  Vary the downlink power over the desired dynamic range consistent with the expected variation in antenna gain (e.g. 10 dB to 15 dB). The measured data can be used to linearize the RSAP measurement data if the raw accuracy is not considered sufficient.
3) Pick a large enough downlink power which does not result in RSAP non-linearity.  Perform the antenna pattern measurement at this power level
4) Use the antenna pattern measurement data to choose an antenna orientation which can ensure good channel isolation if the inversion matrix of the radiated channel is applied. This primarily involves avoiding any nulls in the pattern.
5) Pick one antenna orientation from the sets of orientations which can ensure good isolation.  Measure the inversion matrix by using the iterative approach.
6) After measuring the reverse matrix, record the output power level of the channel emulator and the corresponding two RSAPs. Note the minimum RSAP of the two measurements.
7) Apply the inversion matrix of the radiated channel in the channel emulator for the static radiated channel.  Configure a 1x2 channel configuration inside the channel emulator before the inversion matrix is applied.  The convolution of the inversion matrix and the radiated channel will result in a diagonal matrix.  By changing the phase shift of the two channels of the 1x2 channel configuration, the device reported phase shift change should change according.  Validate the phase report results using this step. If necessary a linearization process can be applied to the UE measured RSARP data.
8) After finishing all the antenna pattern validation and measurements, configure the 2x2 MIMO fading channel configuration prior to the inversion matrix inside the channel emulator. Perform the MIMO throughput test at the chosen antenna orientation.  For the given antenna orientation, the power calibration reference is derived from the anechoic chamber accuracy by adjusting the downlink power to reach the same RSAP value seen during the antenna pattern measurement stage. Using this nulling technique, the absolute accuracy of the RSAP measurement is unimportant.
3. Conclusion
This contribution provides an update on two-stage method antenna pattern measurement and calibration procedure. With the updated procedure, any issues seen during the antenna pattern measurement on a device can be detected and addressed. Figures for acceptable uncertainty will be developed during the next stage of the MIMO OTA work. The accuracy achieved using current devices and procedures has been shown to be harmonized with the multi-probe method and so we are in an optimization phase for the two-stage method having established equivalency with the reference method.
4. Reference
[1] R4-116105, Agilent Technologies, Definition of UE pattern measurement function based on RSRP definition
