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1. Introduction

In this round of inter-lab MIMO OTA tests initiated by CTIA, noise is required to be added in the test conditions. Initial results showed that the noise was added in different ways meaning the test results from different Labs cannot be directly compared. This contribution provides simulation results using Agilent SystemVue to simulate noise schemes in order to help determine the impact of different approaches. 
2. SNR Definitions and Simulation Results
2.1 SNR Definitions
The figures below show four different ways in which noise can be added. In all four schemes, the SINR definition is defined as the ratio between transmitter signal power, marked as (S), and the generated noise power marked as (N). 
· Scheme 1: Noise is added into the transmitted LTE signal before fading  
Scheme 1: Co-source signal and noise 
· Scheme 2: Independent noise is added after fading and receiver antenna. In this way the antenna gain does not influence received noise power but influents received signal power.  
Scheme 2: Independent noise after receiver antenna pattern
· Scheme 3: Correlated noise is added before receiver antenna under omnidirectional channel model assumption. Under this case the antenna gain influences the received signal and noise, but the noise power is constant during antenna rotation which means the SNR varies.  
Scheme 3: Correlated noise before receiver antenna pattern under omnidirectional model assumption 
· Scheme 4: Correlated noise is added before receiver antenna under directional channel model assumption, which means the noise is shaped to match the signal direction but without fading.  Under this case antenna gain influences received signal and noise in the same way, and the SNR does not vary during antenna rotation.  
Scheme 4: Correlated noise before receiver antenna pattern with directional channel model assumption
2.2 Simulation Results
In order to save simulation time only band 13 reference antenna was used to do the simulation. Figures 1~4 show the simulation results for the four schemes, and in order to compare schemes clearly, figures 5~7 re-plot these curves to show difference among schemes 2~4 for one specified antenna.  
These results show that:
· Scheme 1 co-source signal and noise is not a good option. Figure 1 shows only 2dB SNR change causes the throughput to change from zero to full, and the good antenna has almost the same performance as the bad, which is significantly different from figures 2~4. This demonstrates when the noise experiences the same fading as signal, the fading channel degenerates to an AWGN channel, because the instantaneous SNR is constant on each sub-carrier. So scheme 1 is not useful for distinguishing antenna performance.
· Schemes 2 ~ 4 can distinguish good, nominal and bad antennas. Because the antenna gain will take effect for scheme 2, this shows a larger difference between good and bad than in schemes 3 and 4, while 3 and 4 have very similar diversity.    
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Figure 1 Throughput comparison under Umi channel model for scheme 1 
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Figure 2 Throughput comparison for Umi channel model using scheme 2 
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Figure 3 Throughput comparison for Umi channel model using scheme 3
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Figure 4 Throughput comparison for Umi channel model using scheme 4 
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Figure 5 Throughput comparison among schemes 2~4 under Umi channel model for good antenna  
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Figure 6 Throughput comparison among schemes 2~4 under Umi channel model for nominal antenna
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Figure 7 Throughput comparison among schemes 2~4 under Umi channel model for bad antenna
3. Conclusion
This contribution provides the simulation results based on SystemVue for analyzing different methods of applying SNR for MIMO OTA test. It seems clear that scheme 1 has no value since it cannot distinguish good from bad. Scheme 2 accentuates the differences in the antennas but does not relate to any physical implementation of radiated noise. Schemes 3 and 4 show around a 2 dB difference in performance for this particular antenna which is significant enough that one or other scheme should be chosen in order that results can be directly compared. Scheme 3 represents the omnidirectional noise model most closely related to existing conducted tests.
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