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Discussion on OTA testing for RRM and demodulation is ongoing in RAN4. One of the challenges in using active antennas is that it is difficult to predict the SNR at the baseband of the receiver. In order to mitigate this problem, one possible solution is to add noise directly at the transmitter side. In this paper we discuss this solution.
2. 	Discussion
RRM and demod requirements are generally defined against some SNR or SINR side condition. In conducted testing, the SNR at the antenna port is the same as the SNR seen by the baseband(without counting the noise added by the receiver itself) so it is predictable and easy to measure. In OTA testing with active antennas, the SNR seen by the baseband will depend on the UE array gain and is difficult to predict.
The SNR improvement from the array gain comes from the coherent combining of signals from multiple elements. If the noise would also be combined in the same way as the wanted signal, the SNR measured on each element(at the UE antenna element surface) would be the same as the SNR after the array combining. Consequently, one possible solution for OTA testing is to add noise on the test equipment side before the signal is actually transmitted from the test equipment antenna. 
If the noise is in phase(same phase difference between antenna elements as wanted signal) at the UE receiver, the SNR would not change after the array combining in the receiver. Whether the assumption that the noise is in phase at the receiver holds or not needs to be analyzed. 
Depending on where the TE transmit antenna is located relative to the UE, the distance between this antenna and different antenna elements at the UE is also different as shown in Figure 1. This difference leads to different propagation delays between TE antenna and different elements at the UE. The UE array combiner in the receiver will actually combine signals that have a slight relative delay. Whether the noise is still in phase at the combiner will depend on the noise source time correlation. 


Figure 1. Test setup
Based on a typical phone form factor, the biggest distance between the edges of the phone (d in Figure 1) is about 15cm that translates to about 0.5ns(5x10-10s). For larger devices this propagation delay will be larger (e.g. 1ns for a device with 30cm size). It should be investigated whether the time domain correlation of the noise source is comparable to this or not.
For some of the RRM (and possibly for demod tests), in order to simplify the setup, it was proposed to apply fading in the time domain to the transmit signal before it is transmitted from the TE antenna. The same rationale as above can be applied in this case but also to the wanted signal, not just the added noise. The time domain correlation of the faded signal should be investigated.
3. 	Conclusion
In this paper we analysed the impact of the noise source time domain correlation to the received SNR in an OTA setup with active antennas. For a typical phone form factor device(15cm diagonal), a noise source with a time domain correlation higher than 0.5ns is needed to maintain a predictable SNR at the receiver side. The actual time domain correlation of noise sources used in mmWave OTA tests should be investigated.
Based on the same rationale, the time domain correlation of signals to which fading is applied in the time domain before they are transmitted from the TE antenna should also be investigated.
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