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1
Introduction

In this contribution we provide a text proposal to capture in 38.803 the considerations on the sampling gid for TRP measurements presented in [1]. This document is a revision of [3].
2
Proposal

It is proposed that the text proposal below is incorporated in the latest version 38.803.
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TEXT PROPOSAL:

< start of text proposal >
10.2.2
Testability of UE RF TX and RX characteristics

10.2.2.1
Baseline measurement setup: centre and off centre of beam measurement setup

The baseline measurement setup of UE RF characteristics for f > 6 GHz is capable of centre and off centre of beam measurements and is shown in Figure 10.2.2.1-1 below.

Diagram TBD
Figure 10.2.2.1-1: Baseline measurement setup of UE RF characteristics

The key aspects of the baseline setup are:

-
Far-field measurement system in an anechoic chamber


-
The criterion for determining the far-field distance is TBD
-
DUT positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom and maintains a polarization reference

-
DUT positioning system such that the angle between the link antenna and the DUT has at least two axes of freedom and maintains a polarization reference; this positioning system for the link antenna is in addition to the positioning system for the measurement antenna

Alternate test methodologies are not precluded and may exist for each requirement. They shall demonstrate equivalence according to the following criteria: 

-
For a given requirement, the same figure of merit (FoM) as the baseline is measured

-
The measurement uncertainty budget is defined, and any difference with the uncertainty budget of the baseline is documented

-
A single conformance requirement and test tolerance applies for each core requirement

10.2.2.2
Centre of beam measurement setup

The baseline setup in 10.2.2.1 can be simplified in the following ways:

TBD
10.2.2.X
Sampling grids for TRP measurements
10.2.2.X.1
Full-sphere uniform sampling grid

TRP can be approximated from a limited number of sampled total EIRP values around the sphere. Assume that EIRP values are available at uniform angular intervals in along  angle and angle. There are N intervals in  from 0 to  radians, and M intervals in j from 0 to 2 radians. Let n be the index variable used to denote the  measurement points and m be the index variable used to denote the  measurement points. A given angle (aka. sample point) is then specified as (n, m), with (0, 0)=(0, 0) and (N, M)=(, 2). N and M are chosen, depending on the type of test, to yield the correct angular intervals corresponding to an acceptable measurement uncertainty for each specific emission requirement. 

An approximatively numerical expression for calculating TRP from spatial point grid is given below.
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It is important to note that the sample points (n, m) only need to be measured for n=1 through N-1, and for m=0 through M-1. Thus, no data need to be recorded at positions corresponding to =0 and  radians, nor at positions corresponding to =2 radians (=0 measurement data are recorded), because those points are not used. 
Decreasing of sampling density to finite amount of samples affects the measurement uncertainty by two different errors. The first factor is due to inadequate number of samples. If the radiated emission tends to have a directive radiation pattern the sampling grid have to be fine to capture the radiated power accurately, or if the emission can be assumed to have an isotropic pattern the grid can be coarse. The second is a systematic discrimination approximation error due to numerical quantization used to derive the expression above. 

Based on above mentioned numerically expression, total EIRPs is measured for n and m on the surface of the unit sphere at angular intervals of  and . This sampling method or equi-angle method is a conventional method for the TRP estimation. However, for NR TRP test, if the same qui-angle method will be used for the directional signal should be discussed further.
Assume an angular resolution of at least 15 degrees, for example, then the division numbers are selected as N=12 and M=24 for ==15 degrees, it is required that total EIRP to be measured at 264 sampling points on the surface of the unit sphere. 

To overcome the challenges with many sampling points over the whole sphere, TRP can be approximated by measuring and numerically integrating total EIRP along a few cuts, typically one of  and  is fixed and the other is changed in the pattern cuts so that the number of sampling points can be reduced. 
10.2.2.X.2
Orthogonal axis sampling grid
Total EIRP is sampled along all three orthogonal axes. This approach is based on the fact that TRP is assumed to correspond to the average of EIRPxy, EIRPxz and EIRPyz, which means the average of EIRP in the xy, xz and yz-plane, respectively. Thus, TRP can be estimated as:
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where l and k are selected as l=(l-1)=(l-1)(/N) and k=(k-1)=(k-1)(2/N). In practice, total EIRPs are measured in only three planes so that the number of sampling points, N=4N+N-6, could be considerably small in comparison with the full-sphere uniform sampling grid.
10.2.2.X.3
Constant area sampling grid
To estimate the surface integral, the surface of the unit sphere can be portioned into equal-area regions. If (k, k) represents a point in the k-th region, TRP can be approximated as:
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where N is the number of the equal-area regions. The challenge with this approach is to find  and  angles corresponding to equal-area regions. 

UV projection can be a candidate of equal erea test point placement. UV projection is a mapping technique used to project a 2D image to a 3DL model’s surface. The mapping can be explained using the following equation.
[image: image7.png]—sine = sinesh
u =sin> cosp ;v =sinzsing ;




or 

[image: image8.png]



Table 10.2.2.X.3-1 shows some typical mapping from [image: image10.png]


 projection to UV projection.
Table 10.2.2.X.3-1: Exemplary definitions of the scan ranges as a coverage percentage of the solid angles
	Coverage of the solid angles
	Spherical coordinates
	UV coordinates

	100 % (Full sphere)
	 [image: image12.png]8

—180 deg ..

180deg



; 
[image: image13.png]



	u = -1 to +1; 

v = -1 to +1

	90 %
	[image: image15.png]8 = —143 deg... 143 deg



; 
[image: image16.png]



	u = -0.95 to +0. 95; 

v = -0.95 to +0.95

	75 %
	[image: image18.png]8 = —120 deg... 120deg



; 
[image: image19.png]



	u = -0.865 to +0.865; 

v = -0.865 to +0.865

	50 % (Half sphere)
	[image: image21.png]


; 
[image: image22.png]



	u = -0.707 to +0.707; 

v = -0.707 to +0.707

	25 % (quarter sphere)
	[image: image24.png]


; 
[image: image25.png]



	u = -0.5 to +0.5; 

v = -0.5 to +0.5


In order to prove that the area of coverage is preserved for UV projection and distorted at [image: image27.png]


 projection, consider a basic example of a single antenna element (single patch antenna). The following step is used for the analysis.
[image: image29.png]


 projection: fixed step dTheta = dPhi = 2 deg.

UV projection:fixed step dU = dV = 0.1.

The 3D view is shown in Table 10.2.2.X.3-2 for the UV projection and  [image: image31.png]


 projection.
Table 10.2.2.X.3-2: Example to justify UV projection
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Non-uniform density of monitoring points, fixed step dTheta = dPhi = 10 deg.
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Uniform density of monitoring points, fixed step dU = dV = 0.1.


According to these results, UV projection monitoring points provides the uniform density test points on the sphere surface.
11
WP 5D for WRC-19 agenda item 1.13
< end of text proposal >
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