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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Different options regarding the selection of a measurement grid for TRP measurements have been discussed in previous meetings. The WF on NR MU and test tolerance from 3GPP TSG-RAN WG4 AH-1801 lists several options [1].
This contribution provides spherical coverage simulation results of an FR2 NR UE implementing adaptive beam-steering. Additionally, applicable measurement uncertainties 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.
Finally, this contribution discusses the feasibility and the limitations of the different measurement grid types.
Discussion
Evaluation Setup
In contrast to previous contributions where only single antenna array patterns have been used (e.g. [2], [3], [4] and [5]), a UE with two 8 x 2 patch arrays has been simulated in this contribution. Table 1 and Table 2 show the adapted equations from [6] that are used to calculate the individual antenna array patterns for different beam-steering directions.
This contribution focuses only on spherical coverage measurements, i.e., CDF of EIRP (or potentially RSRP/EIS in the future) measured on a 3D grid, and investigates constant step size grids with different step sizes as well as constant density measurement grids based on the charged particle approach [7].
An additional contribution is available which discusses measurement grids for in-band TRP measurements [8].

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

	Horizontal half-power beamwidth of single element
	260° for 5 dBi element gain

	Antenna element vertical radiation pattern
	
, SLAv =30 dB

	Vertical half-power beamwidth of single array element 
	130º for 5 dBi element gain

	Array element radiation pattern
	


	Element gain without antenna losses
	GE,max = 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. The average antenna element gain is assumed to be 5 dBi.

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

For the EIRP evaluation, the simulated UE steers the beam in azimuth and elevation with a pointing direction granularity of 22.5 degrees. Only a single antenna array is active for a given pointing direction (i.e. no simultaneous use of the antenna arrays). 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 to resemble the spherical coverage curves presented by device vendors previously [9].
Figure 2 shows the maximum achievable EIRP in 3D based on the previously described schematic UE architecture from Figure 1.
[image: C:\3GPPApril\180404_1716103GPP_Grid_Evaluation_February_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain__3D.png]
Figure 2: EIRP of UE using two 8 x 2 antenna arrays with a beam-steering granularity of 22.5 degrees.
Measurement Results
In order to assess the reproducibility of EIRP CDF measurements and estimate the corresponding measurement uncertainty 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 1000 random relative orientations between the simulated UE and the respective measurement grid.
Figure 3 shows a set of EIRP CDF measurements derived from the overall maximum achievable EIRP pattern of the simulated UE in Figure 2 and 1000 random relative orientation of the UE and a constant step size measurement grid with a step size of 15 degrees (i.e. 264 measurement points). The measured EIRP values at the 264 measurement points are directly used to derive the CDF without any theta-dependent correction. It should be noted that the CDF curve and limits closely resembles the spherical coverage curves presented by device vendors previously [9].
Figure 4 shows similar results for a constant step size measurement grid with a decreased step size of 10 degrees (i.e. 612 measurement points). The variations of the CDF results are only insignificantly decreased by almost doubling the number of measurement points.
[image: C:\3GPPApril\180327_1735283GPP_Grid_Evaluation_February_Simulated Grid_CDF_Constant Step Size.png]
Figure 3: Set of EIRP CDF measurements derived from 1000 random orientations between UE
and constant step size measurement grid with 15 degrees step size (264 points) and without theta correction.
[image: C:\3GPPApril\180327_1738403GPP_Grid_Evaluation_February_Simulated Grid_CDF_Constant Step Size.png]
Figure 4: Set of EIRP CDF measurements derived from 1000 random orientations between UE
and constant step size measurement grid with 10 degrees step size (612 points) and without theta correction.
Observation 1:
Using a constant step size grid for EIRP CDF measurements without any theta-dependent correction results in a high variation of measurement results even when decreasing the step size (i.e. increasing the number of measurement points).

Figure 5 shows a set of EIRP CDF curves for a constant step size measurement grid with a step size of 15 degrees and an additional theta-dependent correction to account for the unequal density of measurement points. Compared to the uncorrected CDF results in Figure 3, the variation is significantly reduced. Figure 6 shows the decreased variation of the EIRP CDF measurements for a constant step size grid with 10 degrees step size and an additional theta-dependent correction. Therefore, increasing the number of measurement points of a constant step size measurement grid significantly reduces the variation of the EIRP CDF results only when a theta-dependent correction is applied.
Observation 2:
Constant step size grids are only feasible for EIRP CDF measurement when applying a theta-dependent correction.
[image: C:\3GPPApril\180327_1736443GPP_Grid_Evaluation_February_Simulated Grid_CDF_Constant Step Size.png]
Figure 5: Set of EIRP CDF measurements derived from 1000 random orientations between UE
and constant step size measurement grid with 15 degrees step size (264 points) and with theta correction.
[image: C:\3GPPApril\180327_1741183GPP_Grid_Evaluation_February_Simulated Grid_CDF_Constant Step Size.png]
Figure 6: Set of EIRP CDF measurements derived from 1000 random orientations between UE
and constant step size measurement grid with 10 degrees step size (612 points) and with theta correction.


Figure 7 shows a set of EIRP CDF measurements for a constant density measurement grid with 160 measurement points. Due to the even density of the measurement points, no additional correction is required. Figure 8 shows similar results for a constant density measurement grid with an increased number of 300 measurement points. Increasing the number of measurement points significantly reduces the variation of the EIRP CDF results.
[image: C:\3GPPApril\180327_1742313GPP_Grid_Evaluation_February_Simulated Grid_CDF_Charged Particle.png]
Figure 7: Set of EIRP CDF measurements derived from 1000 random orientations between UE
and constant density measurement grid with 160 measurement points.
[image: C:\3GPPApril\180327_1743383GPP_Grid_Evaluation_February_Simulated Grid_CDF_Charged Particle.png]
Figure 8: Set of EIRP CDF measurements derived from 1000 random orientations between UE
and constant density measurement grid with 300 measurement points.


Table 1 summarizes the results from Figure 3, 4, 5, 6, 7 and 8 by indicating the variation of the EIRP for different percentiles (50%, 40%, 30% and 20%). When comparing the variation of the constant density grids and the constant step size grids for the different percentiles (e.g. 50%), we can see that the number of measurement points can be reduced for constant density measurement grids compared to constant step size grids while still yielding similar variation ranges.
Table 1: Variation range of maximum EIRP CDF in dB for different Percentiles
	Percentile
	Constant Step Size (15 Deg. , 264 points) w/o Corr.
	Constant Step Size (10 Deg., 612 points) w/o Corr.
	Constant Step Size (15 Deg., 264 points) with Corr.
	Constant Step Size (10 Deg., 612 points) with Corr.
	Constant Density
(160 Points)
	Constant Density
(300 Points)

	50%
	2.48
	2.66
	1.62
	1.15
	1.62
	1.21

	40%
	3.17
	3.36
	1.78
	1.00
	2.15
	1.50

	30%
	3.32
	3.23
	1.88
	0.99
	1.69
	1.31

	20%
	2.99
	2.88
	1.62
	0.76
	2.04
	1.11



Observation 3:
For the same variation of the EIRP CDF measurements, a constant step size grid requires more measurement points compared to constant density grids. This trend also applies for constant step size grids with a theta-dependent correction.

Figure 9 shows a comparison of a high resolution constant step size grid with 1 degree step size and a very fine constant density measurement grid with 12288 measurement points. This comparison indicates that constant step size grids with a theta-dependent correction and a sufficient number of measurement points are equivalent to constant density measurement grids for EIRP CDF measurements. The required number of measurement points depends on the 3D EIRP characteristics of anticipated FR2 NR UEs.
Figure 10 shows a similar comparison of a high resolution constant step size grid and a constant density grid for different relative orientations of the UE and the measurement grid. In this measurement no theta-dependent correction was applied to the constant step size grid. The results show that the high variation of the CDF curve remains also for high resolution constant step size measurement grids. Therefore, constant step size grids without correction are not suitable for EIRP CDF measurements independent of the number of measurement points.
[image: C:\3GPPApril\180405_1430033GPP_Grid_Evaluation_February_Simulated Grid_CDF_.png]
Figure 9: Comparison of EIRP CDF measurements derived from constant density measurement grid (blue) and high resolution constant step size grid with theta-dependent correction (grey).

 [image: C:\3GPPApril\180405_1520463GPP_Grid_Evaluation_February_Simulated Grid_CDF_.png]
Figure 10: Comparison of EIRP CDF measurements derived from constant density measurement grid (blue) and high resolution constant step size grid without theta-dependent correction (grey).

Observation 4:
Constant step size grids with a theta-dependent correction and a high number of measurement points yield equivalent CDF curves as constant density measurement grids independent of the relative orientation of the UE and the measurement grid. Constant step size grids without a theta-dependent correction show a significant variation even when using a high number of measurement points.

Proposal 1:
Constant step size measurement grids are only allowed for EIRP CDF measurements when a theta-dependent correction is applied.
Reuse of other measurement grids for spherical coverage measurements
The simulation results in this contribution clearly indicate that an increased number of measurement points reduces the variation of the EIRP CDF curves for both, constant density measurement grids and constant step size measurement grids with a theta-dependent correction.
Other measurements that might be necessary for conformance testing (e.g. beam peak search) might require measurement grids with more measurement points than would be needed for spherical coverage measurements in order to achieve a feasible measurement uncertainty.
These very fine measurement grids and the results that are acquired during these measurements might be re-used for EIRP CDF (spherical coverage) measurements in order to reduce the total testing time.

Proposal 2:
Since the variation of the CDF decreases with increased number of measurement points, the measurement grid and potentially also the raw measurement data of the beam peak search should be re-used for spherical coverage measurements in order to reduce the overall testing time and improve the accuracy of the CDF results.
Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]This contribution discussed anticipated EIRP 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 measurement uncertainties of the different measurement grids, a set of 1000 random UE orientations have been tested for each measurement grid. The contribution indicates that in general, both measurement grid approaches can be used yielding similar results. Nevertheless, constant density measurement grids allow to significantly reduce the number of measurement points while keeping the variations of the EIRP CDF measurement results in the same range. Whereas, constant step size measurement grids always require a theta-dependent correction to get acceptable measurement uncertainties.
The following observations have been made:
Observation 1:
Using a constant step size grid for EIRP CDF measurements without any theta-dependent correction results in a high variation of measurement results even when decreasing the step size (i.e. increasing the number of measurement points).
Observation 2:
Constant step size grids are only feasible for EIRP CDF measurement when applying a theta-dependent correction.
Observation 3:
For the same variation of the EIRP CDF measurements, a constant step size grid requires more measurement points compared to constant density grids. This trend also applies for constant step size grids with a theta-dependent correction.
Observation 4:
Constant step size grids with a theta-dependent correction and a high number of measurement points yield equivalent CDF curves as constant density measurement grids independent of the relative orientation of the UE and the measurement grid. Constant step size grids without a theta-dependent correction show a significant variation even when using a high number of measurement points.

The following proposals have been made:
Proposal 1:
Constant step size measurement grids are only allowed for EIRP CDF measurements when a theta-dependent correction is applied.
Proposal 2:
Since the variation of the CDF decreases with increased number of measurement points, the measurement grid and potentially also the raw measurement data of the beam peak search should be re-used for spherical coverage measurements in order to reduce the overall testing time and improve the accuracy of the CDF results.
[bookmark: _GoBack]
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10 15 20 25 30
x: EIRP in dBm




image11.png
CDF for Constant Step Size (15 Deg.)
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CDF for Charged Particle (160 Points)
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CDF for Charged Particle (300 Points)

10 15 20 25 30
x: EIRP in dBm




image15.png
) CDF Comparison (Constant Step Size 1 Deg. with Correction)

0.9
0.8
0.7
0.6

:I_fi 05
0.4
0.3
0.2
0.1

Constant Density
Constant Step Size

5 10 15 20 25 30

x: EIRP in dBm




image16.png
0.9
0.8
0.7
0.6

X 05
0.4
0.3
0.2
0.1

CDF Comparison (Constant Step Size 1 Deg. w/o Correction)

Constant Density
Constant Step Size

5 10 15
x: EIRP in dBm

20

25

30




image1.wmf
(

)

dB

A

A

m

dB

H

E

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

,

12

min

2

3

,

j

j

j


oleObject1.bin

