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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: _GoBack]Spherical coverage measurement grids have already been discussed in previous meetings [1]. The WF on Measurement Grids for Beam Peak Search & Spherical Coverage from 3GPP TSG-RAN WG4 #88bis requests to further investigate the minimum number of measurement points of EIRP and EIS spherical coverage measurement grids assuming a requirement definition at the 50 percentile of the CDF [2].
This contribution provides spherical coverage simulation results of an FR2 NR UE implementing adaptive beam-steering according to the simulation assumptions in [3]. Applicable standard deviations for the 50 percentile are determined depending on different measurement grids (constant density and constant step size). To reduce variations of the latter and make the EIRP CDF results comparable, a theta-dependent correction was used for constant step size measurement grids as initially described in [1] and mandated in the WF as valid simulation assumption [2].
Additionally, this contribution discusses other aspects of the spherical coverage measurement grids and proposes a minimum number of measurement points for each grid type.
Discussion
Simulation Assumptions
A UE with two 8 x 2 patch antenna arrays has been simulated in this contribution. Table 1 and Table 2 show the equations that are used to calculate the individual antenna array patterns for different beam-steering directions. The same equations are proposed as antenna and beamforming simulation assumption in [3].
This contribution focuses on spherical coverage measurement grids (i.e. grids to derive CDFs of EIRP/EIS measurements) and investigates traditional constant step size grids with different step sizes as well as constant density measurement grids based on the charged particle approach [4].


Table 1: Single Antenna Element Radiation Pattern
	Antenna element horizontal radiation pattern
	
, Am =30 dB

	Horizontal half-power beamwidth of single element
	260°

	Antenna element vertical radiation pattern
	
, SLAv =30 dB

	Vertical half-power beamwidth of single array element 
	130º

	Array element radiation pattern
	


	Element gain without antenna losses
	GE,max = 1.5 dBi



Table 2: Composite Antenna Array Radiation Pattern
	
Composite array radiation pattern in dB 
	

the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	8 × 2

	Horizontal radiating element spacing dh/λ
	0.5

	Vertical radiating element spacing dv/λ
	0.5



The two 8 x 2 patch antenna arrays are placed on the opposite side of the UE as depicted in Figure 1.

(a)                                              (b)
Figure 1: Schematic UE architecture and antenna array placement from (a) side view and (b) front view.8 x 2
Phi = 0 Deg.
8x2
8x2

For the following evaluation, the simulated UE steers the beam in azimuth and elevation with a pointing direction granularity of 22.5 degrees in azimuth and 45 degrees in elevation. The beam steering range is from -90 degrees to 90 degrees in azimuth and from 45 degrees to 135 degrees in elevation relative to each antenna array. Furthermore, for a given pointing direction only the antenna array is active that covers the corresponding hemisphere (i.e. no back-lobes are considered for the combined achievable EIRP/EIS pattern). Additionally, the simulated UE always uses the beam which best matches the given pointing direction in terms of angular separation.
In order to simulate the effects of different material losses (e.g. glass, metal case, etc.), the effective output power of the array in the back (right hand side of Figure 1a) is reduced by 5 dB. The described simulation assumptions align with the antenna and beamforming assumptions provided in [3].
Figure 2 shows the maximum achievable EIRP/EIS in 3D based on the previously described UE architecture assumption.
[image: C:\3GPPApril\180404_1716103GPP_Grid_Evaluation_February_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain__3D.png]
Figure 2: Achievable EIRP of UE using two 8 x 2 antenna arrays
with a beam-steering granularity of 22.5 degrees in azimuth and 45 degrees in elevation.
Measurement Results
In order to assess the reproducibility of EIRP/EIS CDF measurements and estimate the corresponding standard deviation for the different measurement grids, the relative orientation of the DUT and the measurement grid was altered randomly. A significant set of EIRP CDF curves for each measurement grid is derived from a set of 10,000 random relative orientations between the simulated UE and the respective measurement grid.
Figure 3 shows the uncertainty of EIRP CDF measurements derived from the maximum achievable EIRP/EIS pattern of the simulated UE in Figure 2 and 10,000 random relative orientations of the UE and a constant step size measurement grid with a step size of 18 degrees (i.e. 182 measurement points). For comparison, the reference CDF is additionally depicted which was derived from a very fine constant density measurement grid with 12288 measurement points. Furthermore, a theta-dependent correction is applied to all constant step size measurement grid simulations in this contribution in order to derive the correct CDFs.
[image: C:\3GPP\20181112\RAN4_89\181024_214908_3GPP_CDF_Evaluation_EIRP_Constant Step Size_PeakAligned_CDF_.png]
Figure 3: Uncertainty of EIRP CDF measurements derived from 10,000 random orientations between UE
and constant step size measurement grid with 18 degrees step size (182 points).
(beam peak is always aligned to a measurement point).
Figure 4 shows a histogram of the EIRP values at the 50 percentile of all 10,000 CDFs. The standard deviation of the EIRP values at this percentile is 0.23 dB with a mean error of -0.04 dB.
[image: C:\3GPP\20181112\RAN4_89\181024_215154_3GPP_CDF_Evaluation_EIRP_Constant Step Size_PeakAligned_Histogram.png]
Figure 4: Histogram of EIRP for 50%-ile derived from 10,000 random orientations between UE
and constant step size measurement grid with 18 degrees step size (182 points).
(beam peak is always aligned to a measurement point).
Figure 5 shows the uncertainty of the EIRP CDF measurements using a coarser constant step size measurement grid with a step size of 30 degrees (i.e. 62 measurement points). The uncertainty is generally increased (especially for low percentiles). Nevertheless, the standard deviation of the EIRP values at the 50 percentile is still below 0.5 dB as can be seen in Figure 6.
[image: C:\3GPP\20181112\RAN4_89\181024_193629_3GPP_CDF_Evaluation_EIRP_Constant Step Size_PeakAligned_CDF_.png]
Figure 5: Uncertainty of EIRP CDF measurements derived from 10,000 random orientations between UE
and constant step size measurement grid with 30 degrees step size (62 points).
(beam peak is always aligned to a measurement point).
[image: C:\3GPP\20181112\RAN4_89\181024_193721_3GPP_CDF_Evaluation_EIRP_Constant Step Size_PeakAligned_Histogram.png]
Figure 6: Histogram of EIRP for 50%-ile derived from 10,000 random orientations between UE
and constant step size measurement grid with 30 degrees step size (62 points).
(beam peak is always aligned to a measurement point).
Observation 1: For a spherical coverage requirement definition at the 50 percentile, coarse measurement grids are feasible while still yielding a standard deviation of below 0.5 dB. Nevertheless, a requirement definition at lower percentiles would significantly increase the standard deviation of the EIRP/EIS due to a low gradient of the reference CDF in this area with the current UE implementation assumption.
The histogram in Figure 7 was derived using the same simulation assumptions and measurement grid as the simulations depicted in Figure 5 and Figure 6. Nevertheless, no restrictions in terms of beam peak alignment to a measurement point on the measurement grid apply. Comparing the standard deviation of the 50 percentile in Figure 7 to the standard deviation in Figure 6 indicates that the changed simulation assumption results in only a small deviation.
[image: C:\3GPP\20181112\RAN4_89\181024_192413_3GPP_CDF_Evaluation_EIRP_Constant Step Size_PeakNotAligned_Histogram.png]
Figure 7: Histogram of EIRP for 50%-ile derived from 10,000 random orientations between UE
and constant step size measurement grid with 30 degrees step size (62 points).
(no alignment of beam peak to a measurement point).
Observation 2: Aligning the peak beam to a random point on the measurement grid has negligible effect on the standard deviation of the values at the 50 percentile using the current antenna and beamforming simulation assumptions and measurement grids with a standard deviation of below 0.5 dB.
Proposal 1: Since the spherical coverage requirements are only defined at the 50 percentile, it is not necessary to align the beam peak to a point on the measurement grid for spherical coverage measurements.


Figure 8 shows the uncertainty of EIRP CDF measurements using a constant density measurement grid with 40 measurement points. The simulation results show that the uncertainty is comparable to the results derived with a constant step size measurement grid with a step size of 30 degrees (i.e. 62 measurement points). For some regions of the CDF (e.g. low percentiles), the constant density measurement grid with 40 measurement points significantly outperforms the constant step size measurement grid with 62 measurement points.

[image: C:\3GPP\20181112\RAN4_89\181024_172404_3GPP_CDF_Evaluation_EIRP_Charged Particle_PeakAligned_CDF_.png]
Figure 8: Uncertainty of EIRP CDF measurements derived from 10,000 random orientations between UE
and constant density measurement grid with 40 measurement points 
(beam peak is always aligned to a measurement point).
Figure 9 shows the corresponding histogram of the EIRP values at the 50 percentile of the CDFs depicted in Figure 8. The histogram confirms the observation that using a constant density measurement grid allows to decrease the number of measurement points without introducing a higher standard deviation of the 50 percentile values.

Observation 3: For the same standard deviation of the 50 percentile values, a constant density measurement grid requires less measurement points compared to constant step size measurement grids.
Observation 4: Using a maximum allowed standard deviation of 0.5 dB results in a constant step size measurement grid with a maximum step size of 30 degrees (i.e. 62 measurement points) or a constant density measurement grid with at least 40 measurement points.
Therefore, it is proposed to use a maximum step size of 30 degrees for constant step size measurement grids and a minimum number of 40 measurement points for constant density measurement grids in order to yield a maximum standard deviation of 0.5 dB for the 50 percentile.
Proposal 2: Use a maximum step size of 30 degrees (i.e. 62 measurement points) for constant step size EIRP spherical coverage measurement grids yielding a standard deviation of below 0.5 dB.
Proposal 3: Use a minimum of 40 measurement points for constant density EIRP spherical coverage measurement grids yielding a standard deviation of below 0.5 dB.
[image: C:\3GPP\20181112\RAN4_89\181024_172445_3GPP_CDF_Evaluation_EIRP_Charged Particle_PeakAligned_Histogram.png]
Figure 9: Histogram of EIRP for 50%-ile derived from 10,000 random orientations between UE
and constant density measurement grid with 40 measurement points 
(beam peak is always aligned to a measurement point).
Since the antenna and beamforming simulation assumption in [3] apply for EIRP and EIS, the same minimum number of measurement points applies for EIRP and EIS spherical coverage measurement grids.
Observation 5: Same antenna and beamforming simulation assumption applies for EIRP and EIS spherical coverage measurement grids. Therefore, the uncertainty of the measurement grid is equal and it is feasible to use the same measurement grids for EIRP and EIS spherical coverage measurements.
Proposal 4: Use the same minimum number of measurement points for EIRP and EIS spherical coverage measurement grids.
Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]This contribution discussed anticipated EIRP/EIS CDF measurement uncertainties for an exemplary NR FR2 UE using constant step size measurement grids and constant density measurement grids with a varying number of measurement points. In order to derive statistics and the corresponding standard deviations of the different measurement grids at the 50 percentile, a set of 10,000 random UE orientations have been simulated for each measurement grid according to the simulation assumptions in [2]. The contribution indicates that both measurement grid types requires a relatively small number of measurement points in order to yield a standard deviation of below 0.5 dB for a requirement definition at the 50 percentile. Nevertheless, constant density measurement grids allow to reduce the required number of measurement points while keeping the standard deviation (i.e. measurement uncertainty) in the same range. Furthermore, constant step size measurement grids always require a theta-dependent correction to get acceptable measurement uncertainties as already observed in [1] and therefore proposed as simulation assumption in [2].
The following observations have been made:
Observation 1: For a spherical coverage requirement definition at the 50 percentile, coarse measurement grids are feasible while still yielding a standard deviation of below 0.5 dB. Nevertheless, a requirement definition at lower percentiles would significantly increase the standard deviation of the EIRP/EIS due to a low gradient of the reference CDF in this area with the current UE implementation assumption.
Observation 2: Aligning the peak beam to a random point on the measurement grid has negligible effect on the standard deviation of the values at the 50 percentile using the current antenna and beamforming simulation assumptions and measurement grids with a standard deviation of below 0.5 dB.
Observation 3: For the same standard deviation of the 50 percentile values, a constant density measurement grid requires less measurement points compared to constant step size measurement grids.
Observation 4: Using a maximum allowed standard deviation of 0.5 dB results in a constant step size measurement grid with a maximum step size of 30 degrees (i.e. 62 measurement points) or a constant density measurement grid with at least 40 measurement points.
Observation 5: Same antenna and beamforming simulation assumption applies for EIRP and EIS spherical coverage measurement grids. Therefore, the uncertainty of the measurement grid is equal and it is feasible to use the same measurement grids for EIRP and EIS spherical coverage measurements.

The following proposals have been made:
Proposal 1: Since the spherical coverage requirements are only defined at the 50 percentile, it is not necessary to align the beam peak to a point on the measurement grid for spherical coverage measurements.
Proposal 2: Use a maximum step size of 30 degrees (i.e. 62 measurement points) for constant step size EIRP spherical coverage measurement grids yielding a standard deviation of below 0.5 dB.
Proposal 3: Use a minimum of 40 measurement points for constant density EIRP spherical coverage measurement grids yielding a standard deviation of below 0.5 dB.
Proposal 4: Use the same minimum number of measurement points for EIRP and EIS spherical coverage measurement grids.
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