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Annex G:
Measurement Grids
This appendix describes the assumptions and definition of the minimum number of measurement grid points for various grid types. 

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. 

G.1
TRP Measurement Grids
This sub-clause describes the assumptions and derives the minimum number of TRP measurement grid points for various grid types. 
G.1.1
Assumptions

For non-sparse antenna arrays used for smartphone UEs, an 8 x 2 antenna array was used for the measurement grid analyses. Table G.1.1-1 and Table G.1.1-2 outline the adapted equations from [9] that are used to simulate the UE antenna patterns for in-band measurements.

Table G.1.1-1: Single Antenna Element Radiation Pattern
	Antenna element horizontal radiation pattern
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	Horizontal half-power beamwidth of single element
	260°

	Antenna element vertical radiation pattern
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	Vertical half-power beamwidth of single array element 
	130º

	Array element radiation pattern
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	Element gain without antenna losses
	GE,max = 1.5 dBi


Table G.1.1-2: Composite Antenna Array Radiation Pattern
	Composite array radiation pattern in dB 
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration (Row×Column)
	8 × 2

	Horizontal radiating element spacing dh/λ
	0.5

	Vertical radiating element spacing dv/λ
	0.5


The reference/baseline antenna pattern is shown in Figure G.1.1-1
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Figure G.1.1-1: Reference 8x2 Antenna Pattern

The relative orientation of the simulated antenna array and the measurement grid is altered randomly and the standard deviation between TRPs for each measurement grid is derived from a set of 10000 random orientations.
In Figure G.1.1-2, three rotations used for the simulation analyses are illustrated, i.e., the antenna pattern are rotated in  and  but also along its beam peak axis. 
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Figure G.1.1-2: Sample Rotations of 8x2 antenna pattern, left: 45o in , centre: 45o in (instead of 90o as shown in Figure G.1.1-1), right: rotation of 45o along the beam peak axis (angle )

The randomization of the various rotations is illustrated in Figure G.1.1-3. The rotations in  and  can be handled in a completely random fashion, e.g., phi_rot = 360*rand(10000,1). For the rotations around , the number of rotations near the poles should be the same compared to the equator since the surface area near the poles is much smaller than around the equator, i.e., the distribution needs to be scaled by sin(). 

[image: image12]
Figure G.1.1-3: Histogram of random distribution of  and  rotations

The minimum number of measurements points shall guarantee that the standard deviation for the TRP measurement grid shall not exceed 0.25dB for all DUT types.
G.1.2
Grid Types
Two different measurement grid types are considered. 
The constant step size grid type has the azimuth and elevation angles uniformly distributed as illustrated in Figures G.1.2-1 in 2D and G.1.2-2 in 3D.
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Figure G.1.2-1: Distribution of measurement grid points in 2D for a constant step size grid with ==15o (266 unique measurement points)
[image: image14.png]



Figure G.1.2-2: 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 illustrated in Figures G.1.2-3 in 2D and G.1.2-4 in 3D.
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Figure G.1.2-3: Distribution of measurement grid points in 2D for a constant density grid with 266 unique measurement points
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Figure G.1.2-4: Distribution of measurement grid points in 3D for a constant density grid type with 266 unique measurement points
Simulations of the Voronoi regions for different constant density implementations show that grid points are not always surrounded by 6 equidistant grid points as illustrated in Figure G.1.2-5 for the charged particle implementation and in Figure G.1.2-6 for the Golden Spiral implementation
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Figure G.1.2-5: Voronoi regions for the Charged Particle Grid implementation with 140 measurement points on left and with 3000 measurement points on right (excerpt shown) 
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Figure G.1.2-6: Voronoi regions for the Golden Spiral Grid implementation with 140 measurement points on left and with 3000 measurement points on right (excerpt shown) 

G.1.2
TRP Integration for Constant Step Size Grid Type
Different approaches to perform the TRP integration from the respective EIRP measurements are outlined in the next sub clauses for the constant step size grid type. 
G.1.2.1
TRP Integration using Weights

In many engineering disciplines, the integral of a function needs to be solved using numerical integration techniques, commonly referred to as “quadrature”. Here, the approximation of the integral of a function is usually stated as a weighted sum of function values at specified points within the domain of integration. The derivation from the closed surface TRP integral
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to the classical discretized summation equation used for OTA
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has been derived in [15]. The weights for this integral are based on the sin( weights. More accurate implementations are based on the Clenshaw-Curtis quadrature integral approximation based on an expansion of the integrand in terms of Chebyshev polynomials. This implementation does not ignore the measurement points at the poles (=0o and 180o) where sin = 0. The surface integral can be expressed as (replacing the sin( with a weight function W(
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which can then be discretized as
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The Clenshaw-Curtis weights are compared to the classical sin ( weights in Tables G.1.2.1-1 and G.1.2.1-2 for two different numbers of latitudes. 
Table G.1.2.1-1: Samples and weights for the classical sin ( weighting and Clenshaw-Curtis quadratures with 12 latitudes (=16.4o)
	Classical sin
	Clenshaw-Curtis

	 [deg]
	Weights
	 [deg]
	Weights

	0
	0
	0
	0.008

	16.4
	0.08
	16.4
	0.079

	32.7
	0.154
	32.7
	0.155

	49.1
	0.216
	49.1
	0.216

	65.5
	0.26
	65.5
	0.26

	81.8
	0.283
	81.8
	0.283

	98.2
	0.283
	98.2
	0.283

	114.6
	0.26
	114.6
	0.26

	130.9
	0.216
	130.9
	0.216

	147.3
	0.154
	147.3
	0.155

	163.6
	0.08
	163.6
	0.079

	180
	0
	180
	0.008


Table G.1.2.1-2: Samples and weights for the classical sin ( weighting and Clenshaw-Curtis quadratures with 13 latitudes (=15o)
	Classical sin
	Clenshaw-Curtis

	 [deg]
	Weights
	 [deg]
	Weights

	0
	0
	0
	0.007

	15
	0.0678
	15
	0.0661

	30
	0.1309
	30
	0.1315

	45
	0.1851
	45
	0.1848

	60
	0.2267
	60
	0.227

	75
	0.2529
	75
	0.2527

	90
	0.2618
	90
	0.262

	105
	0.2529
	105
	0.2527

	120
	0.2267
	120
	0.227

	135
	0.1851
	135
	0.1848

	150
	0.1309
	150
	0.1315

	165
	0.0678
	165
	0.0661

	180
	0
	180
	0.007


G.1.2.2
TRP Surface Integral using the Jacobian Matrix
Total Radiated Power is given by the integral of the Effective Isotropic Radiated Power over the closed spherical surface S:
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Given any surface parameterization of
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The explicit general TRP surface integral is
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where J is the Jacobian Matrix defined at[image: image29.png]


 row and [image: image31.png]


 column is 
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The differential surface area element, in its most general form, is 

[image: image33.png]dS = /det(JT)) - du,;du,




The standard surface parameterization used in 3GPP to date is based on the definition of Spherical Coordinate System parameterization [image: image35.png](u; =6,u, =0)



on a constant radius sphere where  
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which yields the Jacobian Matrix
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Hence, the differential surface area is the familiar 

[image: image39.png]dS = /det(JT])dOd® = sin 6 dOdD




The Total Radiated Power under a Spherical Coordinate parameterization is the familiar 3GPP equation [4]

 REF _Ref520805242 \r \h 
[5]
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This form of the integral is exact in the continuous case but prone to uncertainty for finite discrete uniform grid spacing 

[image: image41.png]N-1M-1

m .
TRP ~ mz Zo EIRP(8;,¢;) sin(6;)
=5




The Spherical Coordinate system is not the only possible parameterization of the surface. One alternative, by definition to alleviate the sin  = 0 [image: image44.png](w; =&,u, =n)



problem at the sampling poles, is to consider the surface S as composed of a set of infinitesimal triangles. This triangulation method is commonly used in Finite Element Analysis and is based on Barycentric coordinates. The Barycentric parametrization  with the domain [image: image46.png]& elo,1]



 and [image: image48.png]n € [0,1]



  is
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The Jacobian Matrix for the Barycentric parameterization is 
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and by Lagrange's identity [image: image52.png]det(JT))
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, the differential surface element is

[image: image55.png]ds = JdetJTNHdédn = |7 — 7) x (7, — 7)||dEdn




Hence, the TRP integral expressed in Barycentric coordinates is

[image: image56.png]EIRP(E, . >
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and is approximated by the sum over all triangles [image: image58.png]


 composing the closed surface S
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The notation of explicitly adding the subscript to the [image: image61.png]EIRP:(¢,7n)



 explicitly states the double integral of EIRP over each independent ith triangle has the identical bounds of integration; [image: image63.png]&§=10,1—n]



 and [image: image65.png]& =10,1]



 which is accomplished by mapping to the standard triangle via a change of coordinates. In Barycentric coordinates, this coordinate transform is trivially accomplished knowing only the sample points at the vertices of the triangle as
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Every EIRP value in the interior of the triangle is computed as [image: image68.png]EIRP:(¢,7n)



 knowing only the three measured samples [EIRP0,i, EIRP1,i, EIRP2,i] within the triangle domain [image: image70.png]&§=10,1—n]



 and [image: image72.png]& =10,1]



 as illustrated in Figure 1.

[image: image73]
Figure G.1.2.2-1: Illustration of the triangulated sphere including the triangle formed by three measurements points
The cross product term, [image: image75.png]24;

|(Fi — 7o) X (Fos — 70|



, is constant relative to the integration variables so the TRP approximation further simplifies to 
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The double integral therefore is computed explicitly yielding

[image: image77.png]EIRP,; + EIRP, ; + EIRP, ;
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The final form of the TRP approximation based on Barycentric surface parameterization is

[image: image78.png]TRP ~ " 4 (P IR B
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This yields an intuitive geometrical description of TRP approximation as simply the sum of all discrete triangle areas composing the closed spherical surface S, with each triangle scaled by the mean value of EIRP at the three measurement vertices. Guaranteed non-zero terms inside the sum mitigate possible numerical approximation issue at the poles, unlike the sin  based TRP approximation. Notice that no particular definition of sample type is required for this Barycentric-based definition of TRP. This formulation can be applied to uniform grid sampling, as well as uniform density sampling, or even completely random sampling. 

The mean offset can be optimized by explicitly computing the surface area of the sphere’s polyhedral approximation ([image: image81.png]4 ~ Y A:



) using
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G.1.3
TRP Integration for Constant Density Grid Types

For constant density grid types, the TRP integration should ideally take into account the area of the Voronoi region surrounding each grid point. Assuming an ideal constant density configuration of the grid points, the TRP can be approximated using 
[image: image83.png]N-1
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where N is the number of grid points of the constant density grid type. 
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TP to TR 38.810 – Full package for Near Field Test Range (NFTF)
Corrected clause numbering on section 5.2.3.4
	2.1.0

	2018-07
	R4 AH1807
	R4-1808774
	
	
	
	R4-1808409 TP to TR38.810 to reflect RAN4#86bis agreements and editorial changes

R4-1808412 TP to TR on OTA testing with battery

R4-1806381 TP to TR 38.810 on procedure to decide applicable test methods for mmWave UE

R4-1806731 TP to 38.810: Clarifications related to DUT Antenna Configurations

R4-1808413 TP on RF test procedures for EVM and blocking

R4-1808402 TP to TR 38.810 on open items for RRM

R4-1808403 TP for TR 38.810 v2.1.0 on Demodulation and CSI Baseline setup

R4-1808405 TP to TR 38.810 on Propagation model definition

R4-1808518 TP to TR 38.810 on channel model generation methodology

R4-1808407 TP on path delay grid for channel models
Editorial corrections

Updated “Definitions, symbols and abbreviations”
	2.2.0

	2018-08
	R4 88
	R4-1809982
	
	
	
	R4-1809508 MU factors contributing to RRM parameters and metrics

R4-1809509 TP for TR 38.810 on definition and feasibility of parameters and metrics for UE RRM BLS

R4-1809510 TP to TR 38.810 on open items for UE Demodulation testing methodology

R4-1809511 MU factors contributing to DL SNR accuracy and range

R4-1809512 TP to TR 38.810 on demod measurement set-up applicability 
R4-1809222 TP to TR 38.810 on missing aspects for channel model option 1 

R4-1809513 TP to TR 38.810 on Propagation model definition

R4-1809515 TP to TR 38.810 on Channel model naming

R4-1809586 TP to TR 38.810 on option 2 channel model generation methodology for FR2: parameters and procedure updates
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