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1. Introduction

During RAN4#86-bis meeting, two contributions [1-2] were presented about TRP uncertainty vs sampling grid. A way forward was also agreed [3]. Specifically, two types of measurement grids have been agreed to be used, uniform and constant density. MU associated with measurement grid and hence number of sampling points shall be reported in the TRP MU budget. Framework reported in [1] can be re-used for addressing the minimum number of points to be used for each measurement grid. This contribution provides further results for in-band TRP uncertainty vs sampling grid when uniform constant grid is used.
2. Background
In RAN4#86-bis a WF [3] was agreed on measurement grids for non-sparse antenna array. Specifically for TRP measurement grid, two type of grids can be used and MU associated with the chosen grid shall be reported in the TRP MU budget. It was also agreed that the standard uncertainty associated with the measurement grid shall not exceed 0.25dB. In order to address the standard uncertainty for each sampling grid the framework documented in [1] shall be used. Due to the sampling grid is somehow related with antenna pattern, the 8x2 antenna array pattern shall be used. 

This contribution provides results of TRP uncertainty vs sampling grid when using the agreed framework. Unfortunately due to time issue, results have been presented for two antenna types 8x1, and 4x1. It means that the conclusion from this contribution can be slightly different than when using an 8x2 antenna array.
3. Simulation Results

Figure 1 shows the beam pattern which have been considered for computing TRP:

[image: image1.png]TRP =51 > D (EIRPs(8,97) + BIRP, (6.6 sin6:)



[image: image3.png]



                 (a)                                                                                                          (b)                                                                                                                                                                                                      

Figure 1. 3D Beam patterns – (a) 8x1 antenna array (b) 4x1 antenna array
Due to the fact that a uniform measurement grid (constant step size in theta and phi) is used for simulating/measuring EIRP, TRP has been calculated by using the following:
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Where N is the number of angular intervals in the nominal theta range from 0 to π and M is the number of angular intervals in the nominal phi range from 0 to 2 π. 
In this contribution we are interested in finding the minimum number of measurement points in order to have an associated MU less or equal to 0.25dB for a constant step measurement grid. 
The reported statistics (TRP max error, TRP average, and TRP standard deviation) have been calculated based on the framework in [1]. TRP calculated on a full sphere pattern measured with 1deg steps in both theta, and phi is considered as a reference for computing the TRP max error.
Specifically, the statistics have been computed for the following scenarios:
1. Random orientation of the beam over a full sphere

a. Sampling grid 15deg, and 10deg

2. Mean Beam towards the pole

a. Sampling grid 15deg, and 10deg

3. Mean Beam towards the equator

a. Sampling grid 15deg, and 10deg

In table 1 though table 6, the statistics have been reported for the different simulated scenarios:

	
	TRP Max Error (dB)
	TRP Average Error (dB)
	TRP std dev. (dB)

	Antenna 8x1

(1000 orientations)
	0.32
	0.05
	0.09

	Antenna 8x1

(50 orientations)
	0.29
	0.08
	0.10

	Antenna 4x1

(1000 orientations)
	0.11
	0.04
	0.04

	Antenna 4x1

(50 orientations)
	0.10
	0.04
	0.04


Table 1. Step = 15°  - Random orientations over full sphere
	
	TRP Max Error (dB)
	TRP Average Error (dB)
	TRP std dev. (dB)

	Antenna 8x1

(1000 orientations)
	0.10
	0.02
	0.03

	Antenna 8x1

(50 orientations)
	0.10
	0.02
	0.03

	Antenna 4x1

(1000 orientations)
	0.04
	0.02
	0.02

	Antenna 4x1

(50 orientations)
	0.04
	0.01
	0.01


Table 2. Step = 10°  - Random orientations over full sphere
	
	TRP Max Error (dB)
	TRP Average Error (dB)
	TRP std dev. (dB)

	Antenna 8x1

(1000 orientations)
	0.29
	0.28
	0.01

	Antenna 8x1

(50 orientations)
	0.29
	0.28
	0.01

	Antenna 4x1

(1000 orientations)
	0.10
	0.10
	0.00

	Antenna 4x1

(50 orientations)
	0.10
	0.10
	0.00


Table 3. Step = 15°  - Random orientations (main beam toward the pole)

	
	TRP Max Error (dB)
	TRP Average Error (dB)
	TRP std dev. (dB)

	Antenna 8x1

(1000 orientations)
	0.09
	0.09
	0.00

	Antenna 8x1

(50 orientations)
	0.09
	0.09
	0.00

	Antenna 4x1

(1000 orientations)
	0.04
	0.04
	0.00

	Antenna 4x1

(50 orientations)
	0.04
	0.04
	0.00


Table 4. Step = 10°  - Random orientations (main beam toward the pole)

	
	TRP Max Error (dB)
	TRP Average Error (dB)
	TRP std dev. (dB)

	Antenna 8x1

(1000 orientations)
	0.22
	0.22
	0.00

	Antenna 8x1

(50 orientations)
	0.22
	0.22
	0.00

	Antenna 4x1

(1000 orientations)
	0.08
	0.07
	0.00

	Antenna 4x1

(50 orientations)
	0.08
	0.08
	0.00


Table 5. Step = 15°  - Random orientations (main beam toward the equator)

	
	TRP Max Error (dB)
	TRP Average Error (dB)
	TRP std dev. (dB)

	Antenna 8x1

(1000 orientations)
	0.08
	0.07
	0.00

	Antenna 8x1

(50 orientations)
	0.08
	0.07
	0.00

	Antenna 4x1

(1000 orientations)
	0.03
	0.03
	0.00

	Antenna 4x1

(50 orientations)
	0.03
	0.03
	0.00


Table 6. Step = 10°  - Random orientations (main beam toward the equator)

The following can be noted:
1. the number of random orientations of the antenna array doesn’t impact the statistics

a. for the framework in [3], it is proposed to derive the number of orientations from the sampling step size: i.e, step size [deg]/2
2. Statistics are not impacted by the beam pointing

a. Same statistics when beam is towards pole and equator

3. Statistics are mainly impacted by the sampling grid

4. Results in table 1 through 6 are in agreement with the results reported in [2]

5. In order to have a TRP uncertainty of max 0.25dB, the sampling grid can be set to 10deg -> 648 points all over the sphere.
.
4. Conclusion

TRP Measurement uncertainty associated with measurement grid have been investigated for two antenna array types, 8x1, and 4x1. The framework in [3] have been used in order to compute the statistics. Goal was to find the minimum number of points for TRP measurement is order to have an MU equals or less than 0.25dB. From the analysis of the statistics, the two proposals are: 
Observation 1: Number of orientations doesn’t affect the TRP statistics. 

Proposal 2: Number of orientations= 360/[sampling grid step [deg]/2]
Observation 1: If full sphere radiation pattern is sampled properly: i.e 10deg for our antenna array types, TRP statistics are the same no matter to where the beam is pointing. 

Proposal 1: TRP uncertainty shall be computed without pointing the beam towards a specific direction. Random full sphere can be used for estimating the MU.
Observation 3: in order to have maximum TRP uncertainty equals to 0.25dB, the minimum number of points is 648 -> sampling grid step=10deg
Proposal 3: Minimum number of points for constant step grid shall be 648 which corresponds to a step of 10deg on azimuth and elevation.
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