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1. Introduction

In this Tdoc we propose in more detail how to perform an antenna performance measurement for 2x2 MIMO downlink (DL) transmissions. We refer back to our original proposal of the two-channel method [1] and its update [2] which is incorporated in the TR 37.976 [3]. 

We see the most important role for OTA testing in evaluating the performance characteristics of the antenna, including the individual antenna pattern of the two (or more) UE antennas involved, and also including the mutual effects between the two (or more) UE antennas resulting in a reduced decorrelation of the signals. These antenna effects have to be evaluated in a 3D approach since it will usually not be known a priori where the signals are coming from (see [4]). Further tests addressing, for example, baseband receiver algorithms such as decoding of faded signal may be done in a conducted setup.
The superposition of signals coming from different test antennas at the UE antenna system is an essential element of MIMO transmission and therefore a necessary element of any MIMO OTA test approach. In our two-channel method [2] we are able to send two data streams under arbitrary angles of arrival (AoA) to the UE and to evaluate the UE's performance. There is no need to add fading according to some channel models. In this proposal we further detail the approach.

LTE can use different transmission modes for the downlink (DL) channel. The most important ones where both UE antennas are used are transmit diversity (TD) and spatial multiplexing (SM). At the moment the closed-loop control is not expected to change any findings on the antenna performance, therefore we only consider open loop spatial multiplexing. Making use of two different environments, one with TD transmissions and robust MCS settings, and one with SM transmissions and complex MCS settings, we propose two levels for the test, along the lines of the proposed tiered testing ([5]).
This modified test plan is going to be submitted as a TP to TR 37.976 in one of the next RAN4 meetings.
2. Test site characteristics

Before going into the description of the test cases, let us briefly show the basic setup in the test chamber. 

Figure 1 is a sketch of the test site with the UE attached to a phantom head. The test is set up in an anechoic chamber. The coordinate system of the UE, xyz, is shown as well as the angles θ and φ. θ ranges from 0° (top) to 180° (bottom). φ = 0° is in the orientation of the +x axis, increasing to 90° along the +y axis.

An approach for a set-up for antennas in a vertical plane is using moving arms on which the test antennas are attached. For the azimuth angles, the UE is positioned on a turn table in the centre axis of the chamber.

The elevation setting consists of two arms with one dual polarized test antenna on each, which can be rotated around a horizontal axis. In order to have both test antennas in the same plane, the easiest implementation is using one motor drive with one antenna arm on one side of the chamber, for example the left side, and another one on the opposite (right) side. With appropriate controls each antenna can be rotated individually to its own elevation angle. RF switches allow the correct routing of the signals.

The distance to the centre of the UE's coordinate system is the same for both test antennas.

Another possibility for an implementation of AoAs from the vertical plane is an array of test antennas, all arranged with equal spacing in a vertical plane around the UE's position on the turntable. In order to select any wanted AoA, the corresponding path to the test antenna has to be selected.

Chambers suited for SISO testing and using any of the two approaches are easily converted into a chamber for MIMO testing.
Similarly it is rather easy to arrange the test antennas in a horizontal plane around the UE, and have a positioner for the rotation of the UE around the other axis.
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Figure 1 UE coordinate system with antennas in vertical plane
3. Noise-limited performance in transmit diversity mode

Downlink TD is a rather important transmission mode when being close to the cell edge. It is meant to provide fair link reliability and throughput. The appropriate test case amounts to a characterization of UE sensitivity in a noise-limited scenario, similar to traditional TIS measurements for SISO devices.
The investigation of UE sensitivity in a noise-limited scenario corresponds to a baseline performance characterization which covers the following physical implementation aspects:
· Antenna efficiency

· Receiver noise figure

· Self-interference

By selecting the TD MIMO mode and a very robust modulation, the sensitivity is increased as much as possible. The same data stream is transmitted twice, using different coding (Alamouti scheme). This increases the probability for the UE to successfully decode the information (Maximum Ratio Combining).

A situation close to the cell edge often corresponds to a rural environment where line-of-sight is the most prominent channel propagation type. An excellent approximation of such a situation can be achieved by transmitting the two signals of the TD mode using two orthogonally polarized antenna elements. These antenna elements can easily be arranged in a single, dual polarized antenna. The fact that in this case both signals are impinging on the UE under the same AoA is not to be seen as a disadvantage but as the most typical situation.

Please note that such an arrangement using a single antenna with two polarisations can be assured in most of the existing SISO OTA labs. No modifications are required to the antenna or the positioners.

Together with a low modulation and coding scheme (MCS), like QPSK with MCS index = 0, the highest sensitivity of the UE can be reached. It then is recommendable to evaluate the sensitivity threshold, and the BLER limit is to be set to 10 %. 

The threshold is evaluated in the usual way: the DL power is controlled by setting the eNodeB emulator output power to some appropriate level, then decreased step by step observing the BLER, and the power level is recorded once the BLER of 10 % or higher is found. Since two paths to the test antenna are involved, the path loss for each path has to be taken into account when setting the power levels, and also when reporting the threshold. The sensitivity level is to be recorded in terms of RS EPRE power, expressed in dBm / 15 kHz. 

There are 60 different geometrical constellations of azimuth and elevation when a step size of 30° is used and the elevation angles of 0° and 180° are omitted. Having recorded the sensitivity level for each of the geometrical constellations, the Cumulative Distribution Function (CDF) of sensitivity thresholds can be obtained. In the example the CDF curve is based on a histogram of sensitivity values.
Average quantities are not capable of characterizing a UE with respect to its performance in a large variety of scenarios, with signals arriving from arbitrary angles. A statistical analysis using the CDF is more suited. It allows distinguishing a UE which achieves a given figure of merit like sensitivity in many of the applied test cases from another UE which has excellent sensitivity in a few cases, but bad sensitivity in most of the cases. 

In the example of Figure 2 we show results of an LTE UE at 0.7 GHz. The CDF curve gives the probability that the equivalent power required for maintaining a BLER of 10 % will not exceed a given power S for any arbitrary AoA. The example below tells us that more than 50 % of possible AoAs will have a better sensitivity than a threshold of ‑126 dBm.
The steepness of the CDF curve is an indicator how uniform the sensitivity is distributed over the different AoAs. 
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Figure 2 Probability (PDF) and cumulative (CDF) distribution functions of radiated sensitivity over a set of 60 AoAs

4. Peak performance in spatial multiplexing mode

Another aspect of MIMO performance is the device's capability to benefit from multipath propagation in the form of peak data rate. It represents the scenarios in which high throughput is demanded and the environment is suitable for such request. MIMO peak performance hence can be achieved when an optimal channel is given in spatial multiplexing mode.

This measurement is aimed to evaluate whether the antenna system is able to meet the designed performance target including the following physical properties:
· Complex pattern correlation

· Gain imbalance

· Polarization diversity

· Directivity / pattern diversity

· MIMO detector performance (to some extend)

For this test the two output ports of the eNodeB emulator are connected to the ports of the corresponding polarization of each of the two test antennas. Since each test antenna is dual polarized, there are in total four combinations of polarizations to be measured: HH, HV, VH and VV.

For obtaining peak performance, the transmit mode is set to open loop spatial multiplexing, with a 64QAM modulation and a high coding scheme. Each signal from the eNodeB emulator is carrying its own data stream, and both signals are perfectly decorrelated.

A fixed power level of the DL signals is to be applied. The value for that level has to be defined at some later stage when more results for different UEs and also results from the field are available. Throughput at this power level is then recorded over a predefined set of constellations of azimuth angles and elevation angles of the two test antennas. 
When moving the azimuth position of the two antennas from 15° to 165° in steps of 30°, both antennas having the same azimuth value but being located in different hemispheres, and when turning the azimuth from 0° to 150° in steps of 30°, there are 36 geometrical constellations. Multiplying this by the four combinations of polarizations one ends up with 144 measurements.
It has to be noted that keeping the same azimuth angle for both antennas is some restriction over accessing all possible AoAs, but still varies the (( between both antennas in the range 30° to 150°.
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Figure 3 CCDF plot for OLSM 16QAM, -100 dBm/15 kHz

A statistical analysis of the results can be obtained by evaluating the CCDF function of the throughput values. The example in Figure 3 was taken with the settings of the round robin test, both for the MCS as well as for the geometrical constellations. But it can serve the purpose to show how to interpret the CCDF curves. The figure includes results for different UEs.

The CCDF curve clearly tells how many measurement cases out of the total constellation / polarization combinations have higher throughput than the value shown on the horizontal axis. Operators can specify an acceptance criterion in terms of relative throughput percentage and CCDF. For instance, if one requires devices to achieve 75 % of relative throughput in 65 % of the constellations, the criterion is represented as a 75 % × 65 % rectangular box. Only devices with the CCDF curve outside of the box (e.g. UE1 and UE2 in Figure 3) would fulfil the criterion.

5. Conclusions

The purpose of MIMO OTA measurements is to give an efficient and reproducible device performance index which refers to real field tests and focuses on the antenna's impact.

The MIMO OTA test plan presented here using the two-channel method for device characterization comprises two types of test cases:
a) sensitivity measurements in a noise-limited scenario, and
b) peak performance measurements in a MIMO-favourable channel.
In the first case, the metric to be reported is the CDF of sensitivity using a transmit diversity downlink signal coming from the same AoA but with orthogonal polarization. The CDF relates to outage probability in an arbitrary propagation scenario.
The second test case makes use of two test antennas transmitting signals in open-loop spatial multiplexing mode. The metric to be reported is the CCDF of throughput at some fixed downlink power. It relates to the probability of not falling below a given throughput threshold.
Receiver properties that are not related to the spatial properties of the UE antenna system are to be addressed separately by conducted measurements with identical basic settings of the eNodeB emulator.
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