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Introduction
The generation of AWGN and interference in the RRM measurement baseline system for NR RRM FR2 testing was discussed in several contributions in the last meetings ([1] to [6]). The concern was expressed in [1] and [4] that a constant SINR distribution independent of the direction, does not allow the UE to utilize certain beam steering capabilities based on SINR. This was perceived as the main motivation for checking the feasibility of a “quasi spatially white” AWGN in the anechoic chamber. Especially in intra-frequency scenarios with 2 simultaneously active AoAs, the noise and SINR values at the centre of quiet zone, do not describe the respective generation of noise from the individual AoAs. This paper analyses briefly the SINR spatial distribution at the border of the quiet zone for different ways of distributing the noise among the 2 active probes, as well as for different relative angle between the 2 active probes. The analysis is done based on simulations. 
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Simulation Assumptions
In order to assess and compare the variation of the SINR within a defined volume in the anechoic chamber, a meaningful simulation setup is required. Assumptions regarding arrangement and radiation pattern of the reference and probe antennas needs to be made in order to assess the SINR variations at different reference points.
For this purpose, we take the 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 [7]. Figure 1 shows the general arrangement of the seven reference points within the anechoic chamber.
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Figure 1: Positions of Reference Antennas during Simulation.
An isotropic reference antenna is assumed at the reference points to calculate the differences in resulting SINR at the different locations. Using a directional reference antenna in the simulation is not in the scope of this analysis, since the spatial filtering of a future UE (i.e. its beamforming capabilities) is what will be tested in a possible RRM test case. Therefore, the differences in SINR originate in varying distances between the probe antennas and the reference points, the probe antenna arrangement as well as the probe antenna pattern itself. 
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. 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. 
All of the above simulation assumptions have already been used in [5].
Now as per the RRM measurement baseline system definition in the TR in [7], there are up to 2 simultaneously active probe antennas in the anechoic chamber. In addition following has been stated in the TR: 
Wanted and noise (AWGN) signals can be transmitted from one or both active probes. Test description will define the exact signal/noise/SNR/SINR level per TRxP at the reference point.
It means that for test cases with 2 active AoAs, these are both utilized for transmitting signal and/or noise, however the generation of noise per AoA is to be defined in the test case. Our purpose here is to investigate, how different mapping of noise to the 2 active probes, affects the SINR spatial distribution, so we can address the concerns in [1] and [4]. Let us assume an intra-frequency scenario with 2 cells from 2 different direction. Different scenarios, how noise (AWGN) can be transmitted from the active probe antennas are shown in Table 1. 
The symbols used here are:
- S1 is the signal power of cell 1 from antenna probe 1
- S2 is the signal power of cell 2 from antenna probe 2 (both cells are on the same frequency)
- N1 and N2 are respectively noise powers from antenna probe 1 and probe 2, the powers of which are given relative the total transmitted noise power N. 
- For the sake of simulation S1 = S2 = N. This makes the analysis of SINR symmetrical for both cells, thus we can check only S1INR, and the results apply symmetrically to S2INR.
Table 1: Overview of Possible Signal and Noise generation Scenarios

	Scenario
	Probe 1
	Probe 2
	 Resulting S1INR

	1
	S1
N1= N
	
	S1 / N1

	2
	S1
N1= N
	S2

	S1 / (N1 +S2)

	3
	S1
N1= N/2
	S2
N2= N/2
	S1 / (N1 + S2 +N2)

	4
	S1

	S2
N2= N
	S1 / (S2 +N2)



A short explanation of the scenarios is as follows:
- Scenario 1  Wanted signal S1 and Noise N1=N from the same probe
- Scenario 2  Interference S2 added from another direction
- Scenario 3  Noise split equally among Wanted signal and Interference direction N1=N2=N/2
- Scenario 4  Noise completely from the Interference direction N2=N
For each Scenario listed in Table 1, different probe antenna arrangements in terms of relative angle between the 2 active probe antennas within the anechoic chamber are assumed. From the set (30°, 60°, 90°, 120°, 150°) supported by the RRM measurement baseline system, we analyse representatively 3 of them, the smallest (30°), the medium (90°) and the largest (150°) angular separation. Figure 2 shows the different probe antenna arrangements which are analysed.
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(a)                                                  (b)                                               (c)
Figure 2: Chamber Configuration for 2 Probes with
(a) 30 Degrees Separation (b) 90 Degrees Separation (c)  150 Degrees Separation
 
Simulation Results
As mentioned above, the assumption of an isotropic reference antenna limits the SINR spatial variation only to the probe antenna arrangement, their radiation pattern, as well as to the different distances between the probes and the reference antenna at the measurement points. 
At the centre of quiet zone all signals experience the same path loss and probe antenna gain due to the same gain of (main beam peak) and distance from the probe antennas. As such the signal ratios remain the same as transmitted from the probe antennas. This means at the centre of the quiet zone the S1INR for Scenario 1 will be 0dB (S1=N, S2=0), while for all other Scenarios 2-4 the S1INR will be -3dB (S1=S2=N). To account for the spatial distribution, we are rather interested, how the S1INR varies at the borders of quiet zone, since here the distances to and the gains of probe antennas are different. In addition, if we consider the symmetry along the axis orthogonal to the plane of the 2 active probe antennas, we can provide the simulation results only in 2D along the circle resulting from the cut of the quiet zone with the 2 antenna probes plane. 
The results of the performed simulations have been depicted in Figures 3 to 5. Here the position of Probe 1 is at 0°, while the position of Probe 2 respectively at 30°, 90° and 150° (for easier visibility and interpretation of simulation results). 
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Figure 3: S1INR variation for probe antenna separation of 30 degrees
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Figure 4: S1INR variation for probe antenna separation of 90 degrees
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Figure 5: S1INR variation for probe antenna separation of 150 degrees
Following observations can be made:
Observation 1: The SINR is constant in space in case of signal and noise generation from same single probe.
This can be seen in Figure 3, 4 and 5, where the SINR for Scn.1 is always 0dB.
Observation 2: The SINR changes over the space in case of noise and interference generation from another probe from a different direction compared to the wanted signal direction. The spatial variation depends highly on the interference level, noise distribution over the probes, and the angle between the 2 active probes.
This can be seen in Figure 3, 4 and 5, for Scn.2, 3 and 4.
Observation 3: The SINR value at the centre of quiet zone is preserved and is constant along the plane (3D) / axis (2D) going across the centre of quiet zone and in the middle of the relative angle between the 2 active probes directions.
This can be seen e.g. in Figure 3, where the SINR for Scn.2, 3 and 4 is -3dB at 15° (30°/2) and 195° (15°+180).
Observation 4: Peaks and nulls of the SINR are not in the directions of the active probes, and they converge closer to these directions, the larger the relative angle between the 2 active probes becomes.   
In Figure 3 (30°) the offset of the peaks and nulls from P1/P2 is about 40°, in Figure 4 (90°) is about 15°, while in Figure 5 (30°) is less than 5°.
Observation 5: The SINR variation i.e. standard deviation increases with the relative angle between the 2 active probes.
In Figure 3 (30°) the STD for Scn4. is 0.53dB, in Figure 4 (90°) the STD for Scn4. is 1.37dB, while in Figure 5 (30°) the STD for Scn4. is 1.75dB
Observation 6: For a given wanted signal, the configuration providing the highest SINR spatial variation is the case, when the interference and the whole noise are generated from another probe from a different direction compared to the wanted signal direction. 
In Figure 4 (90°) the STD for Scn2. is 0.69, for Scn3. is 1.02dB, while for Scn.4 is 1.37dB. 
Observation 7: The configuration providing the highest SINR spatial variation for both cells at the same time (highest variation of S1INR and S2INR i.e. swapping wanted and interference cell), is when cells signals are from different directions, while the noise is split among both directions.
In Figure 3, 4 and 5, Scn.3 will deliver the same SINR results, if applied to S1 or S2. 
The observations above are made for the given power relations (S1=S2=N), but similar relative behaviour is expected also for other power parametrisation, as the geometry (affecting the path loss) and probe antenna radiation pattern remain the same. 
Also it has to be emphasized that the analysis above, assumes isotropic reference antennas at the measurement points. A real UE antenna pattern is not isotropic and will apply spatial filtering. However from the test system perspective, such pattern is not known (black box approach), so the analysis above describes the SINR distribution in the empty anechoic chamber environment, independent of the UE. Such observations can be used in the definition of 2 AoAs test configurations, when specifying the cell and AWGN signals per probe.
Proposal: The above observations can be considered in the configuration definition of intra-frequency tests with 2 active AoAs, when specifying the cell and AWGN signal levels per AoA.
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This contribution provided simulation results and discussed the effects of AWGN generation from two separated probe antennas in case of intra-frequency scenarios with 2 active AoAs, assuming isotropic reference (UE) antennas. The following observations and proposals have been made:
Observation 1: The SINR is constant in space in case of signal and noise generation from same single probe.
Observation 2: The SINR changes over the space in case of noise and interference generation from another probe from a different direction compared to the wanted signal direction. The spatial variation depends highly on the interference level, noise distribution over the probes, and the angle between the 2 active probes.
Observation 3: The SINR value at the centre of quiet zone is preserved and is constant along the plane (3D) / axis (2D) going across the centre of quiet zone and in the middle of the relative angle between the 2 active probes directions.
Observation 4: Peaks and nulls of the SINR are not in the directions of the active probes, and they converge closer to these directions, the larger the relative angle between the 2 active probes becomes.   
Observation 5: The SINR variation i.e. standard deviation increases with the relative angle between the 2 active probes.
Observation 6: For a given wanted signal, the configuration providing the highest SINR spatial variation is the case, when the interference and the whole noise are generated from another probe from a different direction compared to the wanted signal direction. 
Observation 7: The configuration providing the highest SINR spatial variation for both cells at the same time (highest variation of S1INR and S2INR i.e. swapping wanted and interference cell), is when cells signals are from different directions, while the noise is split among both directions.
[bookmark: _GoBack]Proposal: The above observations can be considered in the configuration definition of intra-frequency tests with 2 active AoAs, when specifying the cell and AWGN signal levels per AoA.
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