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Introduction
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]. TRP measurement uncertainties for constant density measurement grids with different number of measurement points have been already discussed in [2] and [3].
This contribution goes one step farther back and explores mathematical factors that impact the accuracy of TRP calculations with constant step size grids. We use the same simulated 8x2 path antenna array and simulation methodology as was used in [3] except with a different numerical approximation to the TRP surface integral.
Discussion
Evaluation Setup
The same simulated 8x2 patch antenna array as in [3] was used in the subsequent analysis. 
This contribution focuses on the impact of integration on the simulated TRP errors due to sampling grids. The impact of mapping EIRP values to directions in spherical space will be addressed later, but is expected to show similar results.
Following the methodology in [3], we evaluate the reproducibility of TRP calculations over uniform angular spacing grids of different spacing, with random orientation of the DUT to the sampling grid.  The statics are derived from 10000, random orientations. 
Figure 1: shows the composite antenna pattern for the 8x2 patch antenna array:, 1a. is as in Fig.1 of [3], 1b. is our implementation function.

1a.[image: C:\3GPPApril\180405_1816173GPP_Grid_Evaluation_February_Simulated Grid_8x2_5dBElementGain_0DegAzimuth_15.4459dBTotalGain__3D.png]   1b.  [image: example 3D
      pattern]
Figure 1:a. from [3], b. our version.
Measurement Results
Figure 2 shows a histogram of TRP measurements for constant step size measurement grid of 15 degrees. Figure 2a is Figure 2 of [3]. Figure 2b is our simulation of under the same conditions. Figure 2b, is under the same conditions but we used an improved integration methodology.
[image: C:\3GPPApril\180403_190132_3GPP_Grid_Evaluation_February_Simulated Grid_Constant Step Size_264Points_10000RotationsPoleRandom_Histogram.png]2a) mean (-0.1dB), sigma 0.11 dB
[image: email_2a_20000samples.png]2b) mean = 0.03 dB, sigma = 0.088 dB
Figure 2: a. from [3], and b. our simulations, showing a similar distribution, both mean and standard deviation.
Figure 3 shows a histogram of TRP measurements for constant step size measurement grid of 15 degrees, under the same conditions as above, but with the distribution peak directed to the pole (Z axis) under random orientations about the same z-axis. Figure 3a. is Figure 3 from [3]. Figure 3b, shows our result with a different integration methodology. This demonstrates that the integration methodology is equally, or more, important than the grid selection.
[image: C:\3GPPApril\180403_182845_3GPP_Grid_Evaluation_February_Simulated Grid_Constant Step Size_264Points_10000RotationsPole_Histogram.png]3 a) mean, -0.95, and sigma < 0.00 dB
b.    [image: email_4a_1000samples.png]      3 b) mean -0.212, and sigma 0.024
Figure 3: a) data form [3] b) is our integration method. 
This shows that with an improved integration method, we reduce the ~ 1dB offset seen in other “uniform angular step” TRP calculations to -0.2dB with our integration method.

Figure 4 shows a histogram of TRP measurements for constant step size measurement grid of 10 degrees, under the same conditions as above.  4a is the plot from [3], 4b is our calculation with an improved integration method.

[image: C:\3GPPApril\180403_185309_3GPP_Grid_Evaluation_February_Simulated Grid_Constant Step Size_612Points_10000RotationsPole_Histogram.png]4a.  mean -0.29 dB, sigma 0.00 dB
[image: email_6a_1000samples_10deg.png]4b.  mean 0.011dB, sigma 0.004 dB
Figure 4: , TRP for 10 deg. Constant steps, peak of profile toward pole, rotating about Z axis.
We show the elimination of the ~ 0.29dB offset with the standard integration method seen with 10 deg uniform angular steps.
Figure 5 shows a histogram of TRP measurements for constant step size measurement grid of 10 degrees, with the distribution oriented toward the equator of the sampling grid.  5a is the plot from [3], 5b is our calculation with an improved integration method.

[image: C:\3GPPApril\180403_184308_3GPP_Grid_Evaluation_February_Simulated Grid_Constant Step Size_264Points_10000RotationsEquator_Histogram.png]5a.  mean -0.05 dB, sigma 0.06 dB
[image: email_8a_10000samples_10deg_Alt.png]5b.  mean 0.001dB, sigma 0.057 dB
Figure 5: TRP for 10 deg. Constant steps, peak of profile on equator, but rotating about x axis.
Observations:
· The integration method is as strong a factor as the sampling grid in determining TRP errors.

Further considerations:
· 	We have shown above, that uniform sampling grids can provide reasonable TRP errors without having to go to very small sample sizes. Below we show this in more detail. We have performed simulations of the same test antenna with random orientation (over full 4-pi steradians) with different uniform sampling grid spacing (of 15, 12, 10 and 8 degrees). The plots are below in figure 6 as well as are summarized in table 1.


6a.[image: email_2b_10000samples.png] 6b [image: email_2c_10000samples_12deg.png]
6c.[image: email_2d_10000samples_10deg.png] 6d.[image: /email_2d_10000samples_8deg.png]
Figure 6: a: 15 deg spacing, b. 12 deg spacing, c. 10 deg spacing, d. 8 deg spacing





Table 1: Uniform angular spacing, Mean and Std. Dev. Vs. angular spacing, simulated for 10 K random orientations
	Spacing (deg)
	Mean TRP (dBm)
	Std Dev.
	Min
	Max

	15
	0.03
	0.085
	-0.282
	0.618

	12
	0.03
	0.042
	-0.410
	0.394

	10
	0.03
	0.024
	-0.251
	0.279

	8
	0.03
	0.008
	-0.073
	0.122


Table 1: Uniform angular spacing, Mean and Std. Dev. Vs. angular spacing, simulated for 10 K random orientations
Note: we think the mean offset of 0.03 dB is a systematic offset in the simulation, and is present even with very fine sample size, and can be ignored. 
These results show that a uniform sampling of 8 degrees is equivalent or better than a uniform sampling grid with 264 points.  As stated in [3], constant step size grids can be optimized for speed. In some cases, more samples can be taken faster in swept mode than with motion controllers navigating to specific points in a step-stop-step fashion. This work shows that TRP performance equivalent to that with a uniform area sampling grid can be obtained in these cases. 

To further support these conclusions, additional simulations were run with random orientations, using uniform spacing in angle grids. The mean TRP, and std Dev (in linear, not in dB) using our integration method are given in Table 2 below. 
	d = d  (deg)
	Mean TRP  (mW)
	StDev TRP  (mW)
	Error (%)   {3/mean}

	0.5
	1.0072
	1.2e-8
	3.5e-6

	2.0
	1.0072
	6.3e-6
	1.9e-3

	4.0
	1.0072
	1.8e-4
	5.4e-2

	10
	1.0068
	1.5e-2
	1.9

	15
	1.0068
	7.3e-2
	21.7


Table 2: TRP distributions from random orientations with uniform angular spaced grids.
Annexes A, B and C provide graphical results for  more cases showing that even with more extreme orientations, with proper integration and reasonable uniform sample spacing, reasonable error margins on TRP are obtained.

Conclusion
This contribution demonstrated that valid TRP measurements can be extracted using sampling grids uniformly sampled in angle without resorting to very fine angular spacing.
Proposal: The requirement of uniform grid sampling to orient beam peak at the equator is removed from TRP measurement and calculation should based on our demonstrated alternative numerical integration algorithm, having improved mean and standard deviation for a given sample size.
We also would like to note that with modern wideband RF acquisition equipment, it is possible to capture instantaneous bandwidths of over 2 GHz bandwidth with a single trigger.  This reduces the benefit for stop-step motion in addressing measurement time for beam characterization over a broad (> 1 GHz) frequency range.  
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Appendices: more test cases showing that even with more extreme orientations, with proper integration and reasonable uniform sample spacing, reasonable error margins on TRP are obtained.


Annexppendix A: TRP values for uniformly spaced angle grid with random rotations about z-axis, beam pointed always along Z-axis
[image: Alt_PeakPole_Rz_10K_15deg_10Ksamples.png][image: Alt_PeakPole_Rz_10K_15deg_10Ksamples_3DPlot.png]
Figure A1: 15 deg spacing : fan beam aligned along z-axis.
[image: Alt_PeakPole_Rz_10K_10deg_10Ksamples.png][image: Alt_PeakPole_Rz_10K_10deg_10Ksamples_3DPlot.png]
Figure A2: 10 degree spacing: fan beam aligned along z-axis


[image: Alt_PeakPole_Rz_10K_8deg_10Ksamples.png][image: Alt_PeakPole_Rz_10K_8deg_10Ksamples_3DPlot.png]
Figure A3: 8 degree spacing: Fan beam aligned along z-axis

Table A1:  Statistics for Fan beam aligned along z-axis, for uniform spaced grids
	Spacing (deg)
	Mean (dBm)
	Sigma (dBm)
	Min (dBm)
	Max (dBm)

	15
	-0.211
	0.032
	-0.295
	-0.143

	10
	0.00
	0.004
	-0.010
	0.011

	8
	0.03
	0.001
	0.026
	0.032


Table A1:  Statistics for Fan beam aligned along z-axis, for uniform spaced grids



Annexppendix B. TRP values for uniformly spaced angle grid with random rotations about x-axis, beam peak pointed always at equator along x-axis

[image: 15deg]
Figure B1: 15 degrees spacing
B1: 15 degree spacing
[image: 10deg]
Figure B2: 10 degrees spacing
[image: 8deg]
Figure B3: 8 degrees spacing
[image: email_8d_10000samples_1deg_Alt.png][image: email_8d_10000samples_1deg_Alt_3dPlot.png]
Figure B4: 1 degree spacing : fan beam aligned along x axis, random rotations, and image.


Table B1:  Statistics for Fan beam aligned with X-axis, for uniform spaced grids
	Spacing (deg)
	Mean (dBm)
	Sigma (dBm)
	Min (dBm)
	Max (dBm)

	15
	-0.041
	0.180
	-0.472
	-0.289

	10
	-0.012
	0.085
	-0.262
	0.032

	8
	0.016
	0.031
	-0.076
	0.032

	1
	0.031
	0.000
	0.031
	0.031


Table B1:  Statistics for Fan beam aligned with X-axis, for uniform spaced grids



Annex C: TRP values for uniformly spaced angle grid with random rotations about z-axis, beam pointed always along equator, fan beam aligned with longitude lines (worst case).

[image: PreRotatedLongitudinalMAtchesWideBeam_PeakBeamXEquator_RotationAboutZ_10000samples_8deg_Alt.png]
Figure C1: 15 degrees spacing, longitude
C1: 15 deg spacing, longitude[image: PreRotatedLongitudinalMAtchesWideBeam_PeakBeamXEquator_RotationAboutZ_10000samples_15deg_Alt.png]
Figure C2: 10 degrees spacing, longitude
[image: ]

C3: 8 deg spacing, longitude
[image: PreRotatedLongitudinalMAtchesWideBeam_PeakBeamXEquator_RotationAboutZ_10000samples_10deg_Alt.png][image: image]


Figure C3: 8 degrees spacing, longitude      and

[image: image]
Figure C4:  sample 3D.


Table C1:  Statistics for Fan beam pointed along equator, beam aligned with longitude lines, for uniform spaced grids  (worst case)
	Spacing (deg)
	Mean (dBm)
	Sigma (dBm)
	Min (dBm)
	Max (dBm)

	15
	0.022
	0.252
	-0.472
	0.675

	10
	0.031
	0.094
	-0.262
	0..281

	8
	0.031
	0.036
	-0.076
	0.131


Table C1:  Statistics for Fan beam pointed along equator, beam aligned with longitude lines, for uniform spaced grids (worst case)
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AltPole15.0[deg]TRP[dB], u= —0.212, 0=0.024, min= —0.274, max= —0.143
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AltEquator10.0[deg]TRP[dB], u=0.001, 0=0.057, min= —0.169, max =0.031
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AltPeak — 4pi 10K15.0[deg]TRP[dB], = 0.030, 0 =0.085, min= —0.282, max = 0.618
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Alt4pil0K12.0[deg]TRP[dB], u=0.031, 0=0.042, min= —0.410, max = 0.394
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Alt4pi10K10.0[deg]TRP[dB], u=0.031, 0=0.024, min= —0.251, max =0.279
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Alt4pil0K8.0[deg]TRP[dB], u=0.031, 0=0.008, min= —0.073, max=0.122
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AltPeakPoleRz10K15.0[deg]TRP[dB], u= —0.211, 0=0.032, min= —0.295, max = —0.143
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AltPeakPoleRz10K10.0[deg]TRP[dB], = — 0.000, 0 =0.004, min= —0.010, max=0.011
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AltEqtrRx10K15.0[deg]TRP[dB], u= —0.041, 0=0.180, min= —0.472, max =0.289
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AltEqtrRx10K10.0[deg]TRP[dB], u= —0.012, 0=0.085, min= —0.262, max =0.032
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AltEqtrRx10K8.0[deg]TRP[dB], j1=0.016, 0= 0.031, min= —0.076, max =0.032
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AltEqtrRx10K1.0[deg]TRP[dB], i =0.031, o= 0.000, min =0.031, max=0.031
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AltEqtrRzRx10K8.0[deg]TRP[dB], u=0.031, 0=0.036, min= —0.076, max = 0.131
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AltEqtrRzRx10K15.0[deg]TRP[dB], u=0.022, 0=0.252, min= —0.472, max =0.675
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AltEqtrRzRx10K10.0[deg]TRP[dB], 1 =0.031, 0=0.094, min= —0.262, max=0.281
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AltEqtrRzRx10K10.0[deg]TRP[dB], u=0.031, 0=0.094, min= —0.262, max =0.281
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