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1. Introduction
Noise emulation for FR2 RRM testing has been discussed in previous meetings. The feasibility of emulating spatially white noise or quasi white noise was discussed in RAN4#NR AH 18-07 and vendors were asked to bring more analysis on the importance of spatially white noise for testing [1]. In this paper we briefly discuss the pros and cons of different noise emulation techniques. 
2. Discussion
Emulation of noise to be added in FR2 RRM tests was triggered by [2] and has been ongoing for a few meetings. So far a real feasibility study of white noise emulation in an FR2 OTA RRM testing chamber has not been presented by any TE vendor, however, multiple vendors claim that is very challenging and would increase the MU.

The default assumption for Rel.15 testing as captured in [1] is that noise will be added at the TE side and transmitted together with the signal from the same probe. The discussion on whether quasi spatially white noise would be used is still opened.
For the case of spatially white noise, FR2 devices using antenna arrays will have some noise rejection capabilities because of the coherent combining of Rx signals received with different antenna elements through the antenna array. If the noise is added at the TE side and transmitted together with the signal, the noise will also be combined in the same way as the Rx signals, hence, there is no noise rejection. The advantage of such approach is that the SNR seen at the UE baseband becomes predictable, however, the Rx antenna gain will have almost no effect on the Rx SNR levels. 
The RRM tests will consist of tests with signals transmitted from different directions that have to be identified and reported by the UEs. The UE would have to point the Rx beams in different directions to identify the signals. The Rx antenna gain is a critical factor in enabling the search of different signals in different directions by improving the link budget. The design of the UE codebook such that different directions are covered in an efficient way with the highest possible gain is extremely important to ensure UE performance in field operation. As stated in the previous paragraph, noise added at the TE side effectively removes the necessity and advantages of Rx directivity. This could enable UEs to pass the RRM tests w/o any beam sweeping or just with minimal beam sweeping. 
Observation 1. Noise transmitted from the same direction as the wanted signal cancels the effect of the Rx antenna gain and could enable UEs to pass RRM tests with minimal beam sweeping.
Based on this methodology, the tests will only verify the baseband capabilities of the UE while the RRM tests must verify the beam forming/sweeping/steering capabilities of the UE.
Observation 2. Noise transmitted from the TE side together with the signal will only test the baseband capabilities of the UEs.

The signal levels for RRM tests will likely be set based on the 50%-ile EIS level. This will lead to relatively high signal levels if noise is added at the TE side and the SNR error is kept below 1dB. The actual levels are discussed in more details in [3]. These levels would enable UEs to pass tests easily with little or no Rx gain used for beam detection and measurements. 

Observation 3. Signal levels derived based on 50%-ile will allow UEs to pass tests with little or no Rx gain for beam detection and measurements. 
NR defines several procedures for beam refinement. (P1, P2, P3). These procedures are meant to improve the Rx signal levels(SINR improves the UE throughput) and will likely be covered by RRM tests. If noise is added at the TE side, beam refinement would not have any impact on the SNR seen by the UE even if RSRP is increased. This would make such tests meaningless since the UE beam refinement algorithms are designed to improve UE throughput and not RSRP.
Observation 4. Beam refinement tests would be meaningless with noise added at the TE side because the main objective of beam refinement is to improve the SINR.
Noise exclusively added at the TE side will create some artificial conditions that UEs will rarely experience in the field(noise coming from the same direction as the signal is just an interferer). This artificial environment is not suitable for testing RRM requirements and could lead to meaningless tests that do not serve their actual purpose.
Generation of pure spatially white noise is very challenging(if at all possible), however alternative solutions such as a small number of probes transmitting just noise or transmitting noise from all the probes in the chamber situated at different angles should be further investigated. Even though UEs are expected to have relatively wide beams, noise coming from multiple angles will create an environment that is closer to field operation and could enable the testing of different functionalities that are very important to ensure FR2 system performance.
Proposal 1. Alternative solutions such as a small number of probes transmitting just noise or transmitting noise from all the probes in the chamber located at different angles should be further investigated.
Proposal 2. These solutions should not preclude additional probes for noise sources beyond the already identified TRXP positions, so as to effectively test a certain minimum/maximum directional gain functionality.
3. Conclusion
In this paper we discussed the issues associated with noise transmitted from the same probes as the useful signals in FR2 OTA RRM testing. based on our analysis and made the following observations and proposal:

Observation 1. Noise transmitted from the same direction as the wanted signal cancels the effect of the Rx antenna gain and could enable UEs to pass RRM tests with minimal beam sweeping.
Observation 2. Noise transmitted from the TE side together with the signal will only test the baseband capabilities of the UEs.

Observation 3. Signal levels derived based on 50%-ile will allow UEs to pass tests with little or no Rx gain for beam detection and measurements.
Observation 4. Beam refinement tests would be meaningless with noise added at the TE side because the main objective of beam refinement is to improve the SINR.

Proposal 1. Alternative solutions such as a small number of probes transmitting just noise or transmitting noise from all the probes in the chamber located at different angles should be further investigated.
Proposal 2. These solutions should not preclude additional probes for noise sources beyond the already identified TRXP positions, so as to effectively test a certain minimum/maximum directional gain functionality.
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