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1.
Introduction

At the #86bis meeting, WF on measurement grid for non-sparse antenna arrays [1] was agreed. In this contribution we introduce our simulation results to derive the necessary grid points for TRP measurement with both constant step size and constant density cases. We also propose corresponding measurement uncertainties for those two grid types.


2. Discussion

2.1. Simulation assumption
 Number of patch antenna elements: 8x2
 Number of panels: 1 panel only transmitting signals at one side
 Total number of sampling: 10000 random orientations

 Measurement grid type: 

Constant step size -  5, 10, 15, 22.5, and 30 degrees

Constant density – Spiral type with corresponding number of grids to constant step size
Target standard deviation from an average error: 0.25 dB

Result of constant density with 1035362 points (equivalent to 0.25 degrees step size for constant step size grid) was used as a true value.

 Composite antenna pattern and UE antenna element pattern were referred from TR 38.803.
· Extract from TR38.803 v14.2.0 – 
Table 5.2.3.1-1: Composite antenna pattern
	Parameter
	Values

	Composite Array radiation pattern in dB 
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	For beam i:
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the super position vector is given by:
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the weighting is given by:
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Table 5.2.3.3-1: UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P) 
	 (1, 1, 2, 2, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*

Fixed elevation: 90 degrees

	NOTE:
This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.


· End of extract - 
 Figure 2.1-1 shows the radiation pattern of 8x2 antenna elements.
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Figure 2.1-1 Radiation pattern of 8x2 patch antenna

2.2. Simulation results
 Simulation results are shown from figure 2.2-1 to 2.2-3 as follows. Constant density grid type shows superior performance as also reported in [2][3].
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Figure 2.2-1 Step size and standard deviation 
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Figure 2.2-2 Grid points and standard deviation
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Figure 2.2-3 Grid points and standard deviation (enlarged around 0.25 dB std. deviation)
 As can be seen from Figure 2.2-1 to 2.2-3, to achieve the standard deviation below 0.25 dB from an average error for TRP measurement, constant step size needs 15 degrees grid spacing and 266 grid points. And 170 points for the constant density.
Observation 1: To achieve the standard deviation below 0.25 dB from an average error for TRP measurement, constant step size needs at least 15 degrees grid spacing and 266 grid points. And 170 points for the constant density.

 On the other hand, if we choose the parameters of UE antenna element pattern same as previously agreed WF (referred from TR 37.842, half power bandwidth angle as 260 or 130 degrees for 5 dBi element gain), radiation pattern of the 8x2 patch changes and also the simulation results change at the constant density grid case, resulting 140 points are necessary to achieve 0.25 dB standard deviation. 
Observation 2: Necessary number of constant density grid to achieve 0.25 dB standard deviation is 140 points when parameters are aligned to the agreed WF (half power bandwidth angle as 260 or 130 degrees).
 Figure 2.2-4, 2.2-5 and 2.2-6 show the radiation pattern of the conditions above.
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Figure 2.2-4 Radiation pattern of 8x2 patch with UE antenna element pattern in TR 37.842
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Figure 2.2-5 Step size and standard deviation with UE antenna element pattern in TR 37.842
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Figure 2.2-6 Simulation result with UE antenna element pattern in TR 37.842 

However when we consider the measurement uncertainty on these grid types, it is not enough that we only include standard deviation because there exists a mean TRP error with these grid types. 
Observation 3: Mean TRP error should also be taken into account when deriving measurement uncertainty for grid types.
Figure 2.2-7 to 2.2-9 show relationship between MU (mean TRP error + standard deviation) and step size, or number of grid points.
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Figure 2.2-7 Step size and measurement uncertainty (Mean TRP error + Std. deviation)
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Figure 2.2-8 Grid points and measurement uncertainty (Mean TRP error + Std. deviation)
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Figure 2.2-9 Grid points and measurement uncertainty (Mean TRP error + Std. deviation) with parameters in TR 37.842
 As can be seen from these figures, measurement uncertainty of constant step size and constant density are derived as follows.
15 degrees constant step size grid: 0.514 dB

170 points constant density grid: 0.188 dB

15 degrees constant step size grid: 0.48 dB (in a case half power bandwidth angle are 260 or 130 degrees)
140 points constant density grid: 0.240 dB (in a case half power bandwidth angle are 260 or 130 degrees) 
 Considering results above, necessary number of grid points and those corresponding measurement uncertainties are as follows.
Proposal1: For TRP measurement of mmWave UE, take account of following minimum grid points and measurement uncertainties for each of measurement grid type.
	Measurement Grid type
	Minimum grid points
	Measurement Uncertainty

	Constant step size
	266 points (15 degrees spacing)
	0.514 dB (Note 1) or
0.48 dB (Note 2) 

	Constant density
	170 points or 
140 points
	0.188 dB  (Note 1) or 
0.240 dB (Note 2) 

	Note 1: Half power bandwidth angle is 90 degrees.
Note 2: Half power bandwidth angle is 260 or 130 degrees.




3. Conclusion
We introduced the simulation result of grid points, corresponding standard deviation, and measurement uncertainty for TRP measurement of mmWave UE.
Observation 1: To achieve the standard deviation below 0.25 dB from an average error for TRP measurement, constant step size needs at least 15 degrees grid spacing and 266 grid points. And 170 points for the constant density.
Observation 2: Necessary number of constant density grid to achieve 0.25 dB standard deviation is 140 points when parameters are aligned to the agreed WF (half power bandwidth angle as 260 or 130 degrees).
Observation 3: Mean TRP error should also be taken into account when deriving measurement uncertainty for grid types.
Proposal1: For TRP measurement of mmWave UE, take account of following minimum grid points and measurement uncertainties for each of measurement grid type.

	Measurement Grid type
	Minimum grid points
	Measurement Uncertainty

	Constant step size
	266 points (15 degrees spacing)
	0.514 dB (Note 1) or 
0.48 dB (Note 2)

	Constant density
	170 points or 
140 points
	0.188 dB  (Note 1) or 
0.240 dB (Note 2) 

	Note 1: Half power bandwidth angle is 90 degrees.
Note 2: Half power bandwidth angle is 260 or 130 degrees.
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