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Introduction
The possible need to generate spatially white noise in an OTA environment and its implications for the test system was discussed during previous meetings in [1], [2] and [3]. Since many RRM requirements are defined with AWGN as a side condition, a meaningful AWGN definition and implementation in an OTA environment is essential. Therefore, it was requested to further investigate the feasibility of spatially white noise generation within an anechoic chamber.
The following contribution provides an explanation of our understanding of spatially white noise, as this is no standardised term. Furthermore, simulation results which evaluate the feasibility of spatially white noise generation in an anechoic environment are analysed. Finally, limitations in terms of power uncertainties as well as implications for the test system are discussed.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
Spatially White Noise Definition
It seems that there is currently no standard definition of spatially white noise available. Therefore, a common understanding of spatially white noise is required to continue with the discussion on its feasibility and advantages in OTA conformance testing.
Observation 1: No standard definition of spatially white noise is currently available. A common understanding is required for further discussions on the feasibility and advantages of its implementation.
Our understanding of spatially white noise is that ideally each infinitesimal point within a test volume is illuminated by AWGN with the same noise power density from any impinging angle.
In order to account for directional antennas at the test point with unknown orientations, an infinite number of isotropic probe antennas covering the entire sphere around the point of interest would be required. Additionally, each probe would need to transmit uncorrelated noise on two orthogonal polarizations since the polarization of a potential DUT is unknown. Therefore, the number of required uncorrelated noise sources in a real implementation is twice the number of probe antennas.
Observation 2: The number of required uncorrelated noise sources is twice the number of probe antennas, due to the need of uncorrelated noise for two orthogonal polarizations.
Furthermore, to eliminate the path loss differences at different points within the test volume, an infinite distance between the test point and the probes would be required.
Since not all of the above requirements can be fulfilled in a real implementation, approximations in terms of finite number of probe antennas, probe antenna pattern and distance between test point and probe antennas need to be performed. These simplifications will introduce AWGN power variations within the test volume which will be discussed in the following chapters.
Simulations and Simulation Setup
In order to assess and compare the quality of spatially white noise within a defined volume in the anechoic chamber, simulations are needed and performed. A meaningful simulation setup is required, which reflects possible test system and UE implementations. For this purpose, we propose seven reference points within a sphere with a diameter of 15 cm similar to the quality of the quiet zone validation procedure described in Annex D of [4]. Figure 1 shows the arrangement of the seven reference points within the anechoic chamber.
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Figure 1: Positions of Reference Antenna during Simulation.
In a first step, an isotropic reference antenna is assumed at the seven reference points to calculate the differences in combined AWGN power at the different locations. The differences in combined AWGN power originate in varying distances between the probe antennas and the reference points, the probe antenna arrangement as well as the probe antenna pattern itself.
In a second step, a directional reference antenna is used for the simulation. This approach reflects the use of directional antenna arrays in future UEs which will enable spatial filtering. For the simulation, the same seven reference points as in the first step are used. Additionally, the directional reference antenna is oriented in different directions (45 degrees intervals) to take possible beamforming capabilities of a UE into account. This approach is very similar to the quality of the quiet zone validation procedure described Annex D of [4] since both approaches are using the same orientations of the reference antenna.
In this simulation we are only looking at the AWGN power variations at the different reference points (P1–P7) instead of looking at power variations of the wanted signal power. Thus, the uncertainties of the wanted signal power need to be added for an assessment of the resulting SNR uncertainties.
Simulation Assumptions
Different assumptions regarding feasible anechoic chamber sizes, the arrangement of the probe antennas, the probe antenna radiation pattern and the reference antenna radiation pattern (i.e. anticipated UE antenna pattern) need to be made in order to assess the feasibility of spatially white noise generation and its power uncertainties at different reference points.
The distance between the centre of the test volume and the probe antennas is assumed to be 0.5 m in all investigated probe antenna arrangements. Larger probe antenna distances will increase the required anechoic chamber size in width, depth and height and might therefore not be feasible. The half power beam width (HPBW) of the probe antennas is assumed to be 40 degrees which results in sufficient antenna gain to partly compensate the path loss in the anechoic chamber.
For both simulation steps, different probe antenna arrangements within the anechoic chamber are assumed. Figure 2 shows two different arrangements of four probe antennas which will result in different AWGN power variations in the subsequent simulation in Chapter 2.4.
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(a)                                                                         (b)
Figure 2: Chamber Configuration for 
(a) 4 Probes in Planar Arrangement and (b) 4 Probes in Tetrahedral Arrangement
Increasing the number of probe antennas within the anechoic chamber results in different possible arrangements. Figure 3a shows the arrangement of six probe antennas in the centre of the six faces of a cube. Figure 3b shows the arrangement of eight probe antennas in each corner of a cube.
The probe antenna arrangements shown in Figure 3a and Figure 3b are assumed to show the lowest AWGN power variations at the seven reference points due to the symmetry of the probe antenna arrangement with respect to the reference points. An additional random orientation of the reference points with respect to the probe antennas will further increase the AWGN power variations. Nevertheless, these effects are not discussed in this contribution.
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Figure 3: Chamber Configuration for 
(a) 6 Probes in Cube Face Arrangement and (b) 8 Probes in Cube Corner Arrangement
As per Observation 2, the setup with eight probe antennas, already results in 16 independent uncorrelated noise signals, which is a considerable addition to the present TS complexity. Thus further increasing the number of probe antennas beyond eight seems unfeasible. 
Observation 3: Generation of spatially white noise increases test system complexity significantly due to the need for a high number of probe antennas and noise signal generators, even when using moderate emulation assumptions.
Furthermore, it should be mentioned that every additional probe antenna jeopardizes the anechoic characteristics of the chamber. These effects are not taken into account in the subsequent simulations, but it is expected that they influence the results negatively.
Observation 4: Placing additional probe antennas inside the anechoic chamber for noise generation is expected to have negative effects on the anechoic characteristics of the chamber, which will degrade the power uncertainty of spatially white noise and the quiet zone quality for the wanted signal.
Regarding the reference antenna, which should reflect anticipated UE antenna patterns, an isotropic radiation pattern is assumed for the simulations in Chapter 2.4, whereas a rotationally symmetric antenna pattern with a HPBW of 50 degrees in both planes is assumed for the simulations in Chapter 2.5.
Simulation Results (Isotropic Reference Antenna)
The following simulations assume an isotropic reference antenna which limits the AWGN power uncertainties to influences from the test system in terms of probe antenna arrangement and distance from centre of test volume and probe antenna radiation pattern. This chapter will only compare results for different probe antenna arrangements. Nevertheless, all mentioned test system parameters have an influence on the power uncertainty of AWGN.
Figure 4 shows the distribution of the AWGN power values at the different reference points assuming the arrangement of four probe antennas within a plane as depicted in Figure 2a. The standard deviation of the AWGN power values is only 0.26 dB which seems to be sufficient for conformance testing at first sight. Nevertheless, it is questionable if the assumption of an isotropic reference antenna is meaningful since UE antenna patterns need to be directional in order to partly compensate the high free space path loss in FR2.
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Figure 4: Histogram of Total AWGN Power for 4 Probes in Planar Arrangement
using an Isotropic Reference Antenna
Figure 5 depicts simulation results using the same assumptions which are already used in the simulation for Figure 4. Nevertheless, the arrangement of the four probe antennas is changed to an equal distribution in space as depicted in Figure 2b. The standard deviation is further decreased from 0.26 dB to 0.13 dB which indicates that the probe antenna arrangement plays an important role in order to decrease AWGN power uncertainties. Therefore, distributing the probe antennas equally in space should always be preferred instead of placing all antennas e.g. on a single plane.
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Figure 5: Histogram of Total AWGN Power for 4 Probes in Tetrahedral Arrangement
using an Isotropic Reference Antenna

Observation 5: The power uncertainty of AWGN within a test volume depends on emulation assumptions of the test system e.g. probe antenna arrangement, probe antenna pattern, chamber size, etc. The uncertainty decreases with increasing spatial symmetry of the arrangement of the noise probes.
Simulation Results (Directional Reference Antenna)
The following simulations assume a more realistic directional reference antenna with a HPBW of 50 degrees in both planes. In order to derive the statistics, the directional reference antenna is oriented in different directions (45 degrees intervals) as described in Chapter 2.2. Figure 6 shows the results for a tetrahedral arrangement of four probes as depicted in Figure 2b. Compared to the simulation with the isotropic reference antenna, the standard deviation of the AWGN power values is significantly increased from 0.13 dB to 5.37 dB and is most probably inacceptable.
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Figure 6: Histogram of Total AWGN Power for 4 Probes in Tetrahedral Arrangement
using a Directional Reference Antenna with 50 Degrees HPBW
Observation 6: The HPBW of the reference antenna (i.e. anticipated UE antenna pattern) has a major impact on the AWGN power uncertainty. The more directive the UE antennas, the lower the HPBW, the higher the AWGN power uncertainty.
The assumption of 50 degrees HPBW for a UE antenna array implementation is quite conservative and it is expected that the HPBW will decrease in future UE implementations. Therefore, the simulated standard deviation will significantly increase and input from UE vendors is required in order to estimate the feasibility of spatially white noise generation for realistic antenna array implementations.
Observation 7: The HPBW of future UE antenna patterns might become lower than 50 degrees resulting in higher AWGN power uncertainties. Thus, the generation of spatially white AWGN with the given simplifications might not be not future-proof.
Observation 8: Input from UE vendors (esp. regarding UE antenna pattern) is required in order to perform simulations with more realistic simulation assumptions.
The only option which allows to reduce the standard deviation for a directional reference antenna is to increase the number of probe antennas in the test system. Figure 7 and Figure 8 show the results for an arrangement of six probes and eight probes respectively. The standard deviation decreases 5.37 dB (4 Probes) to 3.51 dB for 6 Probes and 3.11 dB for 8 Probes
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Figure 7: Histogram of Total AWGN Power for 6 Probes
using a Directional Reference Antenna with 50 Degrees HPBW
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Figure 8: Histogram of Total AWGN Power for 8 Probes
using a Directional Reference Antenna with 50 Degrees HPBW
Therefore, even using a test system with eight probe antennas results in a significant standard deviation of AWGN power values which may not be acceptable for conformance testing.
Observation 9: Increasing the number of probe antennas, improves the AWGN power uncertainty. Even using 8 probe antennas within the anechoic chamber (i.e. 16 uncorrelated AWGN sources) and moderate simulation assumptions (HPBW of reference antenna 50 degrees), still results in a very high standard deviation (3.11 dB) of AWGN power.
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This contribution provided simulation results and discussed the feasibility of spatially white noise generation. The following observations have been made:
Observation 1: No standard definition of spatially white noise is currently available. A common understanding is required for further discussions on the feasibility and advantages of its implementation.
Observation 2: The number of required uncorrelated noise sources is twice the number of probe antennas, due to the need of uncorrelated noise for two orthogonal polarizations.
Observation 3: Generation of spatially white noise increases test system complexity significantly due to the need for a high number of probe antennas and noise signal generators, even when using moderate emulation assumptions.
Observation 4: Placing additional probe antennas inside the anechoic chamber for noise generation is expected to have negative effects on the anechoic characteristics of the chamber, which will degrade the power uncertainty of spatially white noise and the quiet zone quality for the wanted signal.
Observation 5: The power uncertainty of AWGN within a test volume depends on emulation assumptions of the test system e.g. probe antenna arrangement, probe antenna pattern, chamber size, etc. The uncertainty decreases with increasing spatial symmetry of the arrangement of the noise probes.
Observation 6: The HPBW of the reference antenna (i.e. anticipated UE antenna pattern) has a major impact on the AWGN power uncertainty. The more directive the UE antennas, the lower the HPBW, the higher the AWGN power uncertainty.
Observation 7: The HPBW of future UE antenna patterns might become lower than 50 degrees resulting in higher AWGN power uncertainties. Thus, the generation of spatially white AWGN with the given simplifications might not be not future-proof.
Observation 8: Input from UE vendors (esp. regarding UE antenna pattern) is required in order to perform simulations with more realistic simulation assumptions.
Observation 9: Increasing the number of probe antennas, improves the AWGN power uncertainty. Even using 8 probe antennas within the anechoic chamber (i.e. 16 uncorrelated AWGN sources) and moderate simulation assumptions (HPBW of reference antenna 50 degrees), still results in a very high standard deviation (3.11 dB) of AWGN power.
[bookmark: _GoBack]Overall can be said, that the simulation results show that even a relatively high number of probe antennas will result in a high AWGN power variation within the test volume when assuming a directional reference antenna. These results are still at the costs of a highly increased test system complexity, where each probe antenna would require two uncorrelated noise signals due to the two orthogonal polarizations.
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