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1
Introduction
This document presents a description of two different approaches to establishing an SNR for the purpose of measuring devices in Anechoic Chambers, which was the suggested method of measurement in [1]. 
The first method establishes a fixed noise level across multiple probes so that the sum of the noise power sets the noise floor of the measurement.
The second method specifies a fixed SNR ratio for each probe, such that the target SNR is obtained, but with a spatial distribution that matches the Spatial Signal.
2
Discussion
The Anechoic chamber method consists of two primary configurations, namely a Ring of Probes to enable arbitrary angles of arrival, and a Sector of Probes to produce a single spatial cluster.  These are generally defined within the horizontal azimuth plane.

Current MIMO OTA measurements are measured with an external signal compared to internal device noise.  This behavior is dominated by device noise figure and the antenna efficiency, which are not primary drivers of MIMO performance in realistic high SINR conditions.

MIMO is intended for high signal level conditions, where the SNR is typically in the range of 15 to 25 dB.  These conditions are characterized by an interference floor that is well above the internal device noise floor.  Under these conditions, the Signal and Noise are both influenced by the antenna efficiency, tending to reduce the effect of the pattern shape and the overal antenna efficiency.

In 3GPP, the conducted RF device performance is measured against a fixed SNR so that the antenna efficiency and internal device noise (noise figure) are not part of the measured receiver performance [2].  The antenna efficiency and internal device noise are already included in other antenna measurements, e.g. Total Radiated Sensitivity (TRS).

Thus, it is important to consider the more appropriate ways of measuring MIMO performance, where the Throughput is based on an SNR specification.

Method 1

In this method SNR is specified with an AWGN noise having equal power on each probe.  This method is only suggesteed for the ring of probes case to emulate a uniform arrival of noise power.

This approach is described by the following characteristics:

· There is a different spatial relationship between the Signal and Noise
· The MIMO receiver is expected to produce a gain due to spatial discrimination of the signal and noise.

· This gain is unknown and adds to the performance of the antenna under test, so we end up with measuring two quantities togther.
· This method requires a very high SNR ratio because it increases the nominal SNR by 10*log10(number of V+H probe elements), since the noise power is equally distributed across the probe elements, thus it produces very stringent requirements for the equipment to supports this.

Figure 1, illustrates the case where the SNR = 15dB for an 8 probe scenario with a hypothetical Spatial Channel Model applied.  As shown in the plot, the noise values (red bars) are constant per probe and there sum is 15dB below the total power.  The SNR on each probe is varying, thus the spatial distribution of power is quite different than the spatial distribution of the noise.
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Figure 1, Signal to Fixed Noise Power for an 8 probe example

The SNR ratio on each probe depends on the amount of power that is assigned to that probe to create the spatial signal.  For the worse case scenario, where all of the power is in one probe, then the highest SNR = SNR_target + 10*log10(number of probe elements).  For a target value of 25 dB, having 16 dual polarized probes requires 25+10*log10(32) = 40dB, if all of the power is assigned to one probe with a uniform noise power on all probes.  With spatial channel models this worse case value is about 38 dB with 32 probe elements and 35 dB with 16 probe elements.
Method 2

In this method SNR is specified equally on each probe.  This method can be used equally with the ring-of-probes or with the sector-of-probes case.  

This approach is described by the following characteristics:

· There is a spatially consistant relationship between the Signal and Noise, so we do not have additional gains added into the measurement.
· This method only requires the nominal SNR ratio on each probe, so excessively large SNRs are not required, so a correspondingly larger SNR dynamic range can be supported.

·  Supports both ring-of-probes and sector-of-probes with the same technique.
· Does not modify the “effective” channel model during a test when some probe powers become limited by the noise, which would result in changing performance during the test.

Figure 2, illustrates the case where the SNR = 15dB for an 8 probe scenario with a hypothetical Spatial Channel Model applied.  As shown in the plot, the noise values (red bars) are set to 15 dB SNR on each probe, and also the sum of the total noise power is also 15dB below the total signal power.  The SNR on each probe is fixed, thus the spatial distribution of power and noise are very similar.  
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Figure 2, Fixed Signal to Noise Power per probe for an 8 probe example

3
Conclusion
Two methods were described for how to apply Noise power to the Signals transmitting the Spatial Channels in the Anechoic Chamber method.
Spirent believes the 2nd method has more advantages than the first method, namely:

· Results in an antenna performance without an additional gain from the spatial discrimination of SNR.

· Requires only specified SNRs at each probe output, which means larger dynamic ranges can be supported with the same equipment.

· Maintains a consistant channel model as SNR is reduced, since signal paths are not chaning SNR and going below the noise on each probe output.  
· Utilizes the same SNR setting method for both ring and sector probe layouts.
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