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	Other comments:
	RAN4 dependencies: R4-1814605, R4-1814837, R4-181438, R4-1814420
Final version of R4-187522 cleaning comments and removing Jacobian integration approach from TRP measurement grids.
Final version of R5-187921:

· Removing Voronoi region description

· New sub-clauses added to consider Power class devices including table renumbering

· Non-sparse antenna arrays applicability made explicit

· Removal of span columns and max and min 50 %-tile colums in spherical coverage section (as they were not relevant for measurement uncertainties nor measurement grid defintion)

· Removal of tables in TRP measurement grid section

· Addition of editor’s note clarifying that other measurement grids are not precluded as far as the full analysis is provided and conclusions added to this TS

· Redefinition of beam peak search grid to align with final RAN4 agreement (R4-1816716)

· Fix bullet point format

· Clarification add about being charged particle implementation the one used for constant density grids in either beam peak search and spherical coverage measurements.
· Clarification needed that choice of grid among listed ones is up to test system.

· Language corrected (must->shall, could(may)

· Clarification added on sin(theta) scaling for constant step size measurement grids in the CDF/CCDF analyses for spherical coverage analyses

· Allow sin (theta) weighting approach in TRP measurments

· Beam peak search grid section updated as per R4-1816716


Annex M (normative) :
Measurement grids
This appendix describes the assumptions and definition of the minimum number of measurement grid points for various grid types. Further details can be found in [5].
A total of three measurement grids are considered:

· Beam Peak Search Grid: using this grid, the TX and RX beam peak direction will be determined. 3D EIRP scans are used to determine the TX beam peak direction and 3D Throughput/RSRP/EIS scans for RX beam peak directions. 

· Spherical Coverage Grid: using this grid, the CDF of the EIRP/EIS distribution in 3D is calculated to determine the spherical coverage performance. 

· TRP Measurement Grid: using this grid, the total power radiated by the DUT in the TX beam peak direction is determined by integrating the EIRP measurements taken on the sampling grid. 

M.1
Grid Types

Two different measurement grid types are considered: 

· The constant step size grid type has the azimuth and elevation angles uniformly distributed as in the examples illustrated in Figures M.1-1 in 2D and M.1-2 in 3D.
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Figure M.1-1: Distribution of measurement grid points in 2D for a constant step size grid with ==15o (266 unique measurement points)
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Figure M.1-2: Distribution of measurement grid points in 3D for a constant step size grid with ==15o (266 unique measurement points)

· Constant density grid types have measurement points that are evenly distributed on the surface of the sphere with a constant density as in the example illustrated in Figures M.1-3 in 2D and M.1-4 in 3D.
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Figure M.1-3: Distribution of measurement grid points in 2D for a constant density grid with 266 unique measurement points
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Figure M.1-4: Distribution of measurement grid points in 3D for a constant density grid type with 266 unique measurement points

M.2 Beam Peak Search Grid

Editor’s note:

· Other implementations are not precluded as far as the respective analysis are presented and included in this TS

M.2.1 Power class 3 devices
In order to make a reasonable trade-off between measurement uncertainties, at least 800(constant density grid with  charged particle implementation) or 1106 (constant step size grid) measurement grid points shall be used for beam peak search procedures. For better measurement uncertainties, finer measurement grids as shown below may be used. Choice of grids among these 2 types of grids is up to test system implementation.
Table M.2.1-1: Minimum number of unique grid points for sample systematic errors (non-sparse antenna arrays) 

	Systematic Error of ‘Beam Peak Search’: Offset from Beam Peak at which CDF is 5% 
	Minimum Number of Unique Grid Points for Constant Step Size Grid 
	Minimum Number of Unique Grid Points for Constant Density Grid (charged particle implementation)

	0.2dB
	2522 (5o step size)
	2000

	0.3dB
	1742 (6o step size)
	1500

	0.4dB
	N/A
	1000

	0.5dB
	1106 (7.5ostep size)
	800


M.3 Spherical Coverage Grid

Editor’s note: 
· Other implementations are not precluded as far as the respective analysis are presented and included in this TS

M.3.1 EIRP spherical coverage

M.3.1.1 Power class 3 devices
In order to make a reasonable trade-off between measurement uncertainties, at least 200 (constant density grid grid with charged particle implementation) or 266 (constant step size grid) measurement grid points shall be used for EIRP spherical coverage procedure. For better measurement uncertainties, finer measurement grids as shown below may be used. Choice of grids among these 2 types of grids is up to test system implementation.
There is no need to have the Tx beam peak placed on a measurement grid point.
For constant step size measurement grids, the CDF analyses require the PDFs to be scaled by sin(theta).
Table M.3.1.1-1: Statistical results of EIRP50%CDF for the 8x2 antenna array for constant density measurement grids (with charged particle implementation) and the beam peak oriented in completely random orientations errors (non-sparse antenna arrays).
	Number of unique grid points
	STD [dB]
	|Mean Error| [dB]

	200
	0.11
	0.02

	300
	0.08
	0.01

	400
	0.07
	0.01

	500
	0.06
	0.01


Table M.3.1.1-2: Statistical results of EIRP50%CDF for the 8x2 antenna array for constant step size measurement grids and the beam peak oriented in completely random orientations errors (non-sparse antenna arrays).
	Step Size [o]
	Number of unique grid points
	STD [dB]
	|Mean Error| [dB]

	9
	762
	0.05
	0.00

	10
	614
	0.06
	0.00

	12
	422
	0.07
	0.01

	15
	266
	0.12
	0.01


M.3.2 EIS spherical coverage

M.3.2.1 Power class 3 devices
In order to make a reasonable trade-off between measurement uncertainties, at least 200 (constant density grid grid with charged particle implementation) or 266 (constant step size grid) measurement grid points shall be used for EIS spherical coverage procedure. For better measurement uncertainties, finer measurement grids as shown below may be used. Choice of grid(s) among these 2 types of grids is up to test system implementation.
There is no need to have the Rx beam peak placed on a measurement grid point.

For constant step size measurement grids, the CCDF analyses require the PDFs to be scaled by sin(theta).
Table M.3.2.1-1: Statistical results of EIS50%CDF for the 8x2 antenna array for constant step size measurement grids and the beam peak oriented in completely random orientations errors (non-sparse antenna arrays).
	
	DL Power Step Size: infinitesimal
	DL Power Step Size: 0.1dB
	DL Power Step Size: 0.5dB
	DL Power Step Size: 
1dB

	Step Size [o]
	Number of unique grid points
	STD [dB]
	|Mean Error| [dB]
	STD [dB]
	|Mean Error| [dB]
	STD [dB]
	|Mean Error| [dB]
	STD [dB]
	|Mean Error| [dB]

	6.0
	1742
	0.03
	0.00
	0.03
	0.10
	0.03
	0.50
	0.02
	1.02

	9.0
	762
	0.05
	0.00
	0.05
	0.10
	0.05
	0.50
	0.04
	1.02

	10.0
	614
	0.06
	0.00
	0.06
	0.10
	0.06
	0.50
	0.05
	1.02

	12.0
	422
	0.08
	0.01
	0.07
	0.10
	0.07
	0.50
	0.07
	1.02

	15.0
	266
	0.12
	0.02
	0.12
	0.10
	0.11
	0.50
	0.10
	1.02


Table M.3.2.1-2: Statistical results of EIS50%CDF for the 8x2 antenna array for constant density measurement grids (with charged particle implementation) and the beam peak oriented in completely random orientations errors (non-sparse antenna arrays).
	 
	DL Power Step Size: infinitesimal
	DL Power Step Size: 0.1dB
	DL Power Step Size: 0.5dB
	DL Power Step Size: 
1dB

	Number of unique grid points
	STD [dB]
	|Mean Error| [dB]
	STD [dB]
	|Mean Error| [dB]
	STD [dB]
	|Mean Error| [dB]
	STD [dB]
	|Mean Error| [dB]

	200
	0.10
	0.02
	0.10
	0.10
	0.10
	0.50
	0.09
	1.01

	300
	0.08
	0.01
	0.08
	0.10
	0.08
	0.50
	0.07
	1.01

	400
	0.06
	0.01
	0.06
	0.10
	0.06
	0.50
	0.05
	1.01

	500
	0.06
	0.01
	0.06
	0.10
	0.06
	0.50
	0.05
	1.01


M.4 TRP Measurement Grid

Editor’s note:

· Other implementations are not precluded as far as the respective analysis are presented and included in this TS

M.4.1 Power class 3 devices
In order to make a reasonable trade-off between measurement uncertainties, at least the following number of points should be included in the measurement grid for TRP measurements for non-sparse antenna arrays case:

· 135 measurement grid points for constant density grid – Charged Particle implementation, with standard deviation of 0.23 dB
· 12 lattitudes and 19 longitudes for constant step size grid – sin (theta) weights integration approach, with standard deviation of 0.25dB.
· 12 lattitudes and 19 longitudes for constant step size grid – Cleanshaw Curtis weights integration approach, with standard deviation of 0.20 dB
· .
Choice of grid(s) among above 3 types of grids is up to test system implementation.
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