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1. Introduction

In the first CTIA MOSG test campaign, tests using controlled SNR were defined in [1] however the precise method for defining SNR was not available and this led to four different approaches being taken as defined in [2]. This paper proposes a simple SNR definition that maximises the differences between antennas and recommends to test with and without AWGN.

2. Discussion
The discussions on SNR have led to the following observations:
1. The ability of the UE to discriminate between the wanted signal and the noise is directly related to the correlation between the signal and the noise. It was shown by simulation in [2] that full correlation (in power and space) between the signal and noise had no impact on relative performance (different antenna designs) and therefore has no value as a test scenario. This definition also does not match any real life usage scenario. On the other hand the lowest correlation between signal and noise (created using unfaded omnidirectional AWGN) was the test environment in which the UE could distinguish the most between the signal and noise due to differences in antenna correlation. Antennas with less than full correlation are able to exploit decorrelation between the signal and noise in order to improve performance. Conversely, omnidirectional antennas would be unable to distinguish between omnidirectional and spatially correlated noise.

2. The performance of devices is hugely impacted by the presence of noise: a shift of 11 dB in relative ranking was noted in [3] and again in [4].

3. The results in [4] with AWGN that show insensitivity to reference antenna design do not align with the expected differences shown by simulation in [2].
4. The vast majority of conducted receiver test cases are performed using controlled SNR since this represents the bulk of the usage scenarios in a real network. (Only the reference sensitivity requirements are performed without added noise and signal fading.) The conducted interference is defined as AWGN without fading. Due to its addition after the antenna it has no directional component and thus represents an omnidirectional interferer.
Regarding point 3 above, it is rightly suggested in [4] that the different performance of commercial devices in the presence of AWGN is due to differences in the radio modem. This is at least partially correct although based on the results in [2] it is shown by mathematical simulation rather than observation of measurements that antenna correlation has an impact on performance and it is primarily the antenna aspects which are of interest to MIMO OTA. Further investigation into the extent to which the radio modem or antenna are contributing to the results should help explain the differences between [2] and [4] on this point.
The conclusions that Agilent draws from the above are:
1. Based on the fact that most real life operating scenarios are noise limited and that added noise changes the UE performance in ways that are impacted by antenna correlation as shown in [2], it seems inevitable that the final OTA test method will need to use added noise to fully qualify the UE.

2. Based on the first conclusion it would follow that any viable test method must be capable of generating noise according to (ideally) one agreed definition.

3. Assuming added noise will be a test scenario it follows that the evaluation of different test methods using noise is important to carry out as early as possible to eliminate any uncertainties relating to the definition or implementation.
3. Definition of SNR
Based on the discussion above this paper proposes a working definition for SNR to the CTIA MIMO OTA Inter-Lab/Inter-Technique Measurement Methodology document (R8) based on the same omnidirectional unfaded model used for conducted testing. The SNR-based tests are also re-instated for the next measurement campaign.
3.6 SNR Calculation
Many tests described in this document call for the lab to configure the test environment such that a specific signal-to-noise ratio (SNR) is seen by the EUT. The SNR for all conducted tests shall be calculated according to the formula in 3GPP TS 36.521-1, Section 8.1.1.


Within the test volume the AWGN signal used to create the desired SNR is represented by an unfaded omnidirectional signal. The implementation of this will vary depending on the test method. For the ring of probes anechoic method, this definition equates to constant (unfaded) noise power per probe. For the two-stage method the noise can be added during the second stage conducted test. For reverb chamber approaches there is no current model for the implementation of the spatial domain for the signal and so this applies also for the noise. Assuming that the spatial aspects of the reverb chamber are solved then a possible solution may be to inject the noise from a separate antenna in the chamber. This may create a slightly less correlated result than a true omnidirectional interferer but this aspect can be studied and may not be significant.Details concerning the lab’s implementation of SNR control shall be included in the test report. 
4. Conclusion
This paper proposes a definition of SNR based on omnidirectional, unfaded AWGN and that such a definition should be used for the future evaluation of MIMO OTA test methods along with non-AWGN test cases. The SNR definition minimizes the correlation between the signal and noise without going as far as defining directional noise which may be studied in the future. This definition of SNR is simple and matches that which is used for existing conducted tests. 
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