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	Abstract:
	This contribution describes three methodologies for generating a controlled SNR environment for measuring MIMO OTA performance of devices in a multi-probe anechoic chamber setup.  Measurement results are provided, and a discussion follows with a recommendation for the optimal approach for generating omnidirectional uncorrelated noise.


1.
Introduction

In an effort to finalize the standardization of the multi-probe anechoic chamber methodology in the MIMO OTA WI [1] and to contribute to the definition of the SNR control method in [2], we have performed a measurement campaign with the purpose of clarifying the following points:
-
Define the different possibilities of generation of SNR in the test volume.

-
Define the SNR measurement methodology on the MIMO OTA setup.

-
Choose the optimal approach for performance testing of MIMO devices.
2.
Discussion

In real world scenarios the mobile will experience an interference noise floor higher than the device noise floor. This is why the MIMO OTA performance testing needs to be performed with external noise instead of using the device’s noise as the limiting factor. MIMO OTA testing is intended for situations where, in general, a high signal level is received not close to the sensitivity region of the device under test (DUT). On the contrary the limiting factor for Total Radiated Sensitivity (TRS) measurements is the device noise floor. Interference in general is modeled as AWGN noise for conducted testing and here, we will be targeting for this type of noise too. 

Several methodologies for generating noise on an OTA chamber are suggested in [4] and [5]. All methods proposed converge in the following:

A)
Noise faded by the same channel profile as the signal.

B)
Directional uncorrelated noise: Noise generated with a fix SNR ratio per antenna probe.

C)
Omnidirectional uncorrelated noise: Fix independent noise power generated at each antenna probe. 

Methodology A:

Here the SNR is generated at the same position as the signal and undergoes the same channel properties. At the same time the channel incoming from different directions in the test volume is the same process, so correlation versus the spatial component and also versus time and fading component is generated. Although technically simple, the noise process cannot be considered AWGN.

Methodology B:

The noise is generated as an independent process at each antenna port with a power defined by the SNR at that specific port. Each probe sees the same SNR ratio, so the noise has a directional component over the air which is similar to the wanted signal. 

Methodology C:

The noise is generated as an independent process at each antenna probe with equal power, regardless of the signal power transmitted through that probe. This creates a different SNR at each antenna probe caused by the spatial component of the signal. This approach may lead to situations where the level of SNR gets very high, and this is technically challenging for any hardware to generate it.

The setup is an anechoic chamber based multi-probe MIMO OTA solution. The system run LTE signalling from a base station (BS) emulator, through channel emulators, which are connected to an array of probes mounted on a ring, through amplifier units. This ring has a radius of 2.5 meters and surrounds the test volume. The ring is covered by absorber material where there are no probes. In the center of the ring a turntable holds the DUT, which can be rotated and moved radially in the azimuthal plane. A monopole antenna is located at the bottom of the pedestal which connects back to the BS emulator through a power amplifier unit to establish the uplink signalling.

Although the actual setup contains 16 dual polarized antennas, 16 output ports from the channel emulators were connected to vertical ports only, and the rest of antennas ports remained terminated.

More details on this setup can be found in [3], [6].
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Figure 1: Multi-probe setup at AAU’s anechoic chamber
Both signal and noise components need to be measured inside the test volume when the system is normally running LTE signalling. For each polarization a reference antenna must be used, that is, a sleeve dipole and a magnetic loop.

Figure 2 shows a description of the measurement setup to use to perform this measurement. The reference antenna in the center of the test volume is connected to a Spectrum Analyzer, which will receive the LTE signaling generated by the BS emulator, faded and propagated through the channel emulator and the probes in the ring.
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Figure 2: System description for signal or noise measurement on the MIMO OTA setup

Two devices have been tested for a total of 4 rotations in the azimuthal plane. For the sake of simplicity we used a single cluster one delay tap channel model with angular spread 35 degrees, mapped into the 16 vertical ports of the probes on the OTA ring. Results from the three alternative methodologies for noise injection are shown below.

Figures 3-5 show the impact of DUT rotation for different noise injection methodologies. We observe that depending on the noise injection methodology, the impact of rotation changes. This is especially visible between options A and C, where A has little variation between rotations.
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Figure 3: Throughput measurements for noise generated using methodology A for different rotations
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Figure 4: Throughput measurements for noise generated using methodology B for different rotations

In Figure 5 below we note the ability of option C to discriminate among DUT orientations.
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Figure 5: Throughput measurements for noise generated using methodology C for different rotations

Figure 6 below compares different methodologies for the same orientation and device.  We note that the slopes of the throughput curves are not the same among the three cases, leading us to conjecture that the injection of an interference signal into the MIMO OTA setup alters the fading statistics.  The power angular spectrum (PAS) of the injected noise in options A and B is similar:  in both cases the noise power is proportional to the total power transmitted by each probe; thus, we observe similar throughput outage performance (i.e. SNR value required to reach the 90% throughput level). The PAS of the interfering signal in Methodology C is omnidirectional and causes the greatest performance degradation to the DUT among the three options.
[image: image6.png]60000

50000

40000

30000

Throughput kps

20000

10000

— (1C) CMW_AWGN_0
— (1CC) AWGN_FIX_0

— (1C) AWGN_REL_0

10

15
SNR db

20

25

30




Figure 6: Comparison of noise injection methodologies for the same device at the same orientation.

A comparison for the same orientation with different devices can be found in Figure 7, Figure 8 and Figure 9. It is observed that the ability to differentiate between devices strongly depends on the noise injection approach. In fact, the generation of faded noise and directional noise, which leads to strongly correlated noise with itself, for the first case, and also with the wanted signal, for both cases, produces very similar performance for both devices. Omnidirectional uncorrelated noise seems to be able to differentiate between devices much better than any other methodology 
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Figure 7: Throughput measurements for noise generated using methodology A for different devices. 

[image: image8.png]Throughput kps

60000

50000

40000

30000

20000

10000

— (1C) CMW_AWGN_0

— (4A)

10

15
SNR db

20

25

30




Figure 8: Throughput measurements for noise generated using methodology B for different devices. 
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Figure 9: Throughput measurements for noise generated using methodology C for different devices.
In conclusion, we have described three formulations for noise injection into the multi-probe anechoic chamber MIMO OTA setup and presented measured results.  Reflecting upon the goal of this activity, we recall that the purpose of injecting a noise signal into the setup is to model an omnidirectional and uncorrelated source of interference present in a cell with which the UE is associated.  From a system level point of view, the omnidirectional and uncorrelated nature of the interfering signal are crucial assumptions.  According to our results, all three methodologies for noise injection alter the fading statistics of the received signal.  However, injecting a noise signal that is correlated to the desired faded signal is not a scenario that is typically found in the network nor a scenario for which the UE modem is designed.  As a result, we propose option C as the methodology of noise injection.
3.
Proposal

We propose option C (Omnidirectional uncorrelated noise: Fix independent noise power generated at each antenna probe) as the methodology of noise injection into the multi-probe anechoic chamber MIMO OTA setup.
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