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Annex L (normative):
TRP measurement procedure
Annex L defines the TRP measurement procedure for the permitted testing methodologies defined in [5].

L.1
Direct far field (DFF)

1)
Connect the SS with the DUT through the downlink antenna with desired polarization reference PolMeas to form the TX beam towards the desired TX beam direction and respective polarization. 

2)
Lock the beam toward that direction and polarization for the entire duration of the test. 

3)
For each measurement point on the TBD grid, measure Pmeas,θ and Pmeas,φ. The angle between the measurement antenna and the DUT (θMeas, φMeas) is achieved by rotating the measurement antenna and the DUT (based on system architecture). 

4)
Calculate EIRPθ (EIRPφ) by adding the composite loss of the entire transmission path for utilized signal paths, LEIRP,θ (LEIRP,φ) and frequency to the measured powers Pmeas,θ (Pmeas,φ)

5)
The TRP value for the uniform measurement grid is calculated using 

 [image: image1.png]NoiMo1
TRP = ﬁ; Z,[EIRP,(B., ¢;) + EIRP,(6;, ¢,)] sin(6,)




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 2π.

The TRP values for the constant density grids are calculated using:

 [image: image2.png]N1
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TRP = ﬁ;[EIRPa(B..‘#.) + EIRP4(6,$))]




where N is the number of measurement points.

L.2
Direct far field (DFF) simplification

Same measurement procedure as in clause L.1.

L.3
Indirect far field (IFF)

Same measurement procedure as in clause L.1.

L.4
Near field to far field transform (NFTF)

1) Connect the SS to the DUT through the measurement antenna with polarization reference PolMeas to form the TX beam towards the previously determined TX beam peak direction and respective polarization. 

2) Lock the beam toward that direction for the entire duration of the test.

3)
Perform a 3D pattern measurement (amplitude and phase) with the DUT sending a modulated signal.

4)
For each measurement point on the TBD grid, determine the EIRP for both polarization by using a Near Field to Far Field transform.

3) The TRP value for the constant step size measurement grids are calculated using 

[image: image3.png]TRP =51 > D (EIRPs(8,97) + BIRP, (6. 6))] sin6:)




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. The TRP values for the constant density grids are calculated using:

[image: image4.png]"=k z E1RR, @0 + EIRP, (8, 0)]




where [image: image6.png]


 is the number of measurement points.
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
UE Power classes

M.2.1.1
Power class 1 devices
TBD

M.2.1.2
Power class 2 devices
TBD
M.2.1.3
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.2.1.3-1: 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.2.1.4
Power class 4 devices
TBD
M.2.2 Coarse and fine measurement grids

The baseline beam peak search is based on a single and fine beam peak search grid to determine the TX/RX beam peak of the DUT in any given direction. This means that even in sectors where poor EIRP/EIS performance is observed, a very fine grid is used to search for the TX/RX beam peak.  

An optimized approach, based on an initial coarse search followed by a subsequent fine search could reduce the number of beam peak search grid points significantly. The basis for this approach is to use a coarse grid with fewer number of points than the ones described in section M.2.1 in the first stage to identify candidate regions that contain the global beam peak and search for the global beam peak with the fine grid in the second stage with a minimum number of points described in section M.2.1.
As an example, Figure M.2.2-1 illustrates the coarse and fine measurement grid approach applied to TX beam search; while this illustration is for EIRP, it can easily be extended to RX beam peak search using EIS or throughput metrics For simplification purposes, 2D coarse and fine searches are illustrated but the concept can be extended to 3D easily. The UE is assumed to form a total of six beams in the 2D plane as illustrated on the left of Figure M.2.2-1. In the centre of Figure M.2.2-1, the 36 coarse beam peak search grid points in the 2D plane are illustrated. On the right, the grey circles on the respective antenna patterns illustrate the measured EIRP values towards each coarse grid point direction based on the respective beam steering directions. This illustration shows that the EIRP beam peak of the coarse search, EIRPCSBP, is found to be the peak of the orange beam while the global TX beam peak (red beam) was not identified due to the coarse sampling of the grid points. 
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Figure M.2.2-1: Illustration of the Coarse Search Approach for TX Beam Peak Search. Left: Antenna Pattern assumptions in 2D, Centre: Coarse beam peak search grid points/discrete antenna measurement positions, Right: TX beam EIRP measurements per grid point

The proposed fine search approach is illustrated further in Figure M.2.2-2. A fine search region starting from the beam peak identified in the coarse search, EIRPCSBP, over a range of FS is used to identify the regions that need to be investigated more closely with the fine search algorithm. The fine search range FS is a function of the angular spacing of the coarse beam peak search grid as well as the beam width of the reference antenna pattern considered for smartphone UEs. 
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Figure M.2.2-2: Illustration of the fine beam peak search grid. Left: identify the measurement grid points that yielded EIRP values within the fine search region, right: placement of fine beam peak search grid points
Figure M.2.2-3 illustrates coarse and fine grids for constant step size measurement grids while Figure M.2.2-4 illustrates the same for constant density grid.
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Figure M.2.2-3: Illustration: Coarse & Fine Constant Step Size Grids
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Figure M.2.2-4: Illustration: Coarse & Fine Constant Density Grids
The metric using a coarse & fine grid approach for the TX beam peak search is EIRP for both grids. For RX beam peak search either EIS or Throughput could be used for coarse grids while only EIS for fine grid,
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
UE Power classes

M.3.1.1.1
Power class 1 devices
TBD
M.3.1.1.2
Power class 2 devices
TBD
M.3.1.1.3
Power class 3 devices

In order to make a reasonable trade-off between measurement uncertainties, at least 200 (constant density 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.3.1.1.3-1: 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.3.1.1.3-2: 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.3.1.1.4
Power class 4 devices
TBD
M.3.2
EIS spherical coverage

M.3.2.1
UE Power classes
M.3.2.1.1
Power class 1 devices
TBD
M.3.2.1.2
Power class 2 devices
TBD
M.3.2.1.3
Power class 3 devices

In order to make a reasonable trade-off between measurement uncertainties, at least 200 (constant density 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.3.2.1.3-1: 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.3.2.1.3-2: 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.3.2.1.4
Power class 4 devices
TBD
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 latitudes and 19 longitudes for constant step size grid – sin (theta) weights integration approach, with standard deviation of 0.25dB.
12 latitudes 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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