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1. Introduction

MIMO OTA research activities are being performed in 3GPP RAN4 extensively. There are several methods proposed for MIMO OTA in [1]. To compare the different methods, a round robin test is being organized in 3GPP RAN WG4. In [2], some questions have been raised about the calibration of the two-stage method with the primary issue described as follows:
In order to compare different test results, the absolute received power has to be set the same. Based on 37.976, B.3.3.3, the received power at the temporary antenna connector is set to be the same as would have been when using the multi-probe method. How that power can be concluded is unclear. Based on the text in 37.976, it seems that in the two-stage method the RSRP values are not calibrated, only linearized.
In this contribution, we provide the answer to this important question about calibration. A clarification to the two-stage test procedure in TR 37.976 may be required to remove any uncertainty in the procedure.
2.  Two-stage method test procedure overview
First stage test procedure: non-intrusive antenna pattern measurement
The first stage of the two stage method involves non-intrusive antenna pattern measurement. The test configuration for this is shown in Fig.1. The only purpose of the power amplifier is to ensure that there is sufficient power to perform the pattern measurement at a level appropriate to the device being tested given that the path loss in the chamber may be quite high.
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Fig.1 Non-intrusive antenna pattern measurement configuration
The pattern measurement procedure starts with the establishment of the desired incident power level at position B in the chamber which is the centre of rotation of the DUT (Fig. 2). The choice of incident power level at position B should be chosen to be suitable for the pattern measurement function of the DUT. The two main ways of achieving this calibrated level are through direct measurement of the power received in a reference dipole (which requires measuring a low level signal) or by measurement of the path loss between points A and B using a network analyzer, followed by the establishment of a calibrated high power signal at point A. The choice of which method to use will impact subsequent calculation of the overall test system uncertainty. 
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Fig.2 Calibration of the received power at point B using a reference dipole
1) Using the configuration in Figure 1 measure the antenna pattern at the calibrated reference power level for both horizontal and vertical polarizations.   The output will be a data file containing the UE-measured RSRP and relative phase between the antennas for the chosen plane of rotation. It is noted here that the reference plane for RSRP is the UE’s temporary antenna connectors which are standard ports required to attach the UE to any cabled RF conformance test system.
2) The nominal (uncalibrated) gain of each antenna can be calculated as the difference between the calibrated incident power and the UE-measured RSRP. Note: At this stage the uncertainty in the antenna gain due to the inaccuracy of the UE RSRP measurement has not been calibrated out.

Second stage: Throughput measurement procedure
The throughput test configuration is shown in Fig.3. This example is based on one particular implementation of RF to RF fading using two spectrum analyzers, a baseband fader and two signal generators. Other implementations may use different approaches but in general the fading function has two outputs which are connected to the temporary antenna connectors of the UE in the same way as is done for cabled RF conformance testing.
[image: image3.emf]
Fig.3 Throughput measurement setup
1) RSRP power calibration. A call is established using the throughput measurement system. The power incident at the temporary antenna connectors is set to be the same as the incident power at point B during the pattern measurement. An RSRP measurement using the same function as used during the pattern measurement is done. The difference between the calibrated reference power at the temporary antenna connectors and the UE measured RSRP is the error in the UE RSRP measurement. This error is then subtracted from the uncalibrated antenna gain measured in the first stage in order to obtain the calibrated antenna gain.
2) RSRP accuracy validation. A further step can be carried out to validate the stability of the RSRP measurement over the dynamic range of the antenna gain. The calibrated antenna pattern is loaded into the fading emulator and the calibrated reference power is applied to the pattern at all the angles used during the pattern measurement process in order to recreate the variation in power seen by the UE during the actual pattern measurement process. This will include cases where the received level at each port may be quite imbalanced. For the UE RSRP measurement to be reliable, the RSRP measured using variable power as a function of angle of arrival without the antennas during emulation of the device rotation should closely match the calibrated RSRP obtained when applying constant power to the actual antennas during the real pattern measurement process.
3) Throughput measurement. A call is set up and the power level desired for test is established at the temporary antenna connectors. The desired fading profile is selected and is convolved with the calibrated antenna pattern in order to recreate the signal that the UE would have seen if the fading profile had been generated in the anechoic chamber and seen through the UE’s antennas. The throughput can then be measured from any angle by electrically rotating the fading profile against the calibrated antenna pattern. At any angle of rotation the calibrated reference power can be modified as required to establish the throughput vs. level curves.
From this description of the calibration and test procedures it can be seen that the absolute accuracy of the UE’s RSRP measurement function is calibrated out of the procedure in order that the throughput is measured at a level which is traceable to the test system accuracy. 
3. General discussion on test system accuracy
This paper has not attempted to go into the finer details of the actual absolute accuracy which the two-stage method can achieve. However, establishing accuracy is an essential step in developing useful test methods and a short discussion of the key factors influencing the overall test system accuracy of the two-stage method and the multi-probe method is included here as a precursor to the more detailed work which will be carried out in the future.
The accuracy of the two-stage method relies on four key elements
1. Calibration of a unidirectional unfaded signal at the centre of rotation in the anechoic chamber

2. Calibration of a cabled signal at the temporary antenna connectors 

3. The relative accuracy (repeatability) of the UE RSRP measurement between the reference power level used during the pattern measurement and the same reference power applied at the temporary antenna connector during the RSRP calibration and accuracy validation steps 

4. The accuracy with which the fading emulator can convolve the desired fading profile with the calibrated antenna pattern

The accuracy of the first element is well understood and can be traced directly to the established processes developed for the SISO OTA tests used to measure TRS.
The accuracy of the second element is well understood being identical to the processes used for conventional cabled RF conformance testing as defined in 36.521-1.

The accuracy of the third element is under study and initial results were presented in [3] and the results in [4] are predicated by good RSRP repeatability. However, it is expected that provided the UE conditions are maintained between the pattern measurement phase and the cabled RSRP calibration phase (primarily the UE temperature) then regardless of the magnitude of the UE’s absolute RSRP uncertainty (specified as being +/- 6 dB) the reported RSRP should be very similar, for instance within a few tenths of a dB or less. Evidence based on the measurement of multiple devices will build the case for this assumption. The RSRP accuracy validation procedure outline above will go a long way to establishing the repeatability of the UE’s RSRP measurement in practical environments.
The fourth element is based on the already known accuracy of electrically emulating fading profiles but now with the additional step of convolving this with the calibrated antenna pattern. The convolution is carried out entirely by software and it is expected this can be proven to be done with negligible error.

The accuracy of multi-probe anechoic methods relies on one primary element:

1. The ability of the test system to create a spatially accurate fading profile at a known level and correlation over a test volume of sufficient size to include the UE and any required host device (such as a laptop in the case of a dongle).
The accurate emulation of spatially uniform fading profiles using fading emulators is well established, but the transition to emulating a 2D, or potentially 3D, spatially accurate fading model in free space is a substantially new challenge for which there are no established procedures. Various elements considered essential to this task are being studied, but at this point in time no verifiable conclusion has been reached as to the accuracy with which the desired signal can be created in free space and the impact any error may have on the accuracy of subsequent figures of merit such as throughput.

4. Conclusion 

In order for any test method to demonstrate the efficacy required to differentiate between acceptably good and undesirable bad devices it is necessary to verify the test system accuracy against traceable sources. Demonstrating sufficient accuracy should be a go / no go criteria for any test method to be considered suitable for further development during the work item phase. 

This paper has provided an explanation of how the UE-measured antenna gain, which is referenced to the temporary antenna connectors, can be calibrated against traceable standards already in wide use. The repeatability of the UE’s RSRP measurements between the pattern measurement phase and the RSRP calibration phase needs to be established but is not expected to be a major concern. It is thus concluded that the two-stage method is capable of providing calibrated signals to the UE in order to establish the UE’s performance against an equivalent ideal multi-probe radiated environment.
The accuracy with which multi-probe methods can establish known conditions in free space is, due to the nature of multi-probe environments, a non-trivial task which continues to be studied, particularly within CTIA.
At this point in time it is not possible to say with confidence whether the challenges associated with establishing the accuracy of the two-stage pattern measurement approach will result in better or worse accuracy than what is possible to establish using multiple probes in an anechoic chamber. In the early phases of developing new measurement techniques - which describes all the proposed MIMO OTA methods - an insufficient understanding of the problem usually leads to an underestimate of the test system error. For that reason proof of accuracy will require the establishment of an agreed standard, which for MIMO OTA is likely to take the form of a set of reference antennas associated with one or more reference devices. From this it should be possible to directly compare the relative accuracy of different test methods and test systems. The step of establishing absolute accuracy is a further challenge beyond that of relative accuracy, and assuming the existence of “golden” devices may not be a worthwhile or necessary step to pursue.
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