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1. Introduction
Over-the-air (OTA) measurements and the definition of their associated measurement grids have been discussed and standardized in 3GPP for quite some time [1]. Within the time frame of the release 15 study and work items however, matters of the grid’s spatial density and distribution have formed the topics of many RAN4 discussions, some of which have attempted to solve the problem of (approximately) distributing an arbitrary number of points over the surface of a sphere, evenly or equidistantly.
This document provides a non-exhaustive list of TDocs contributed to RAN4 in the period of the last year which includes meetings: RAN4-NR#3 [2] [3]; RAN4#84-bis [4]; RAN4-AH-1801 [5]; RAN4#86 [6]; RAN4#87 [8]

 REF _Ref519619386 \r \h 
[9]

 REF _Ref519619387 \r \h 
[10]

 REF _Ref519619389 \r \h 
[11][12][13] (summarized in reference [14]); and RAN4-AH-1807 [15]

 REF _Ref519619452 \r \h 
[16]

 REF _Ref519619453 \r \h 
[17]

 REF _Ref519619457 \r \h 
[18] (all of which more-or-less stem from reference [19]). Collectively, these contributions identify, discuss and propose solutions to the following two issues or challenges:
· The issue of measurement uncertainty. See for example reference [8] that explains “the measurement uncertainty (MU) associated with a measurement grid and hence [the] number of sampling points shall be reported in the TRP MU budget”; and

· The issue of measurement or test time. See for example reference [18]  that teaches “a practical trade-off between ‘long measurement time and high accuracy’ versus ‘reasonable measurement time with lower accuracy’”.
This brief review of previously discussed RAN4 TDocs identifies two general observations:

Observation  AUTONUM  \* Arabic \s :  Issue to be addressed—reduction of measurement uncertainty.
Observation  AUTONUM  \* Arabic \s :  Issue to be addressed—reduction of measurement time.

Furthermore, a sub-category of the first general observation can be written as:

Observation  AUTONUM  \* Arabic \s :  Issue to be addressed—reduction of measurement uncertainty associated with the black-box approach.

2. Discussion
The problem of exactly distributing an arbitrary number of N points evenly over the surface of a sphere has been studied by mathematicians and scientists for centuries. For N>2, the solution to this classical problem comprises a small set of basis solutions which are described by the five Platonic solids (tetrahedron, cube, octahedron, dodecahedron and icosahedron) [20] [21] [22]. Further solutions can be derived from the Platonic solids including the truncated icosahedron or Buckyball. For practical systems, approximate solutions exist that still provide the required degree of accuracy.
Over the course of the last year or so, RAN4 has discussed a variety of topics associated with measurement grids. These include, for example, adaptive measurement grids [4], constant step size measurement grids [2] [3] [8] [9] [10] [11] [13] [14] and constant density measurement grids [3] [5] [6] [9] [10] [11] [13] [14]. In meeting RAN4#87, liaison statements were sent to RAN5 in which the minimum requirement for constant step size and constant density measurement grids were described in order to meet the minimum requirements of measurement uncertainty for different types of measurement [14]. This information is summarized below in Table 1.
Table 1: Summary of measurement grid agreement reached in RAN4#87

	Grid type
	Minimum number of measurement points needed for

	
	TRP
	Beam peak search

	Constant step size
	264 / 648 / TBD
	10,224

	Constant density
	140
	7,080


Observation  AUTONUM  \* Arabic \s :  A large number of measurement points are required to achieve the minimum measurement uncertainty requirements.
One method purported to reduce the number of measurement points whilst not adversely affecting the measurement uncertainty, is sparsity. In the last ad hoc meeting, RAN4-AH-1807, the use of sparse sampling grids [16], the concept of a sparsity factor [15] and the applicability or suitability of sparse sampling methods to various measurement quantities [18] were introduced.
Beam sweeping

This contribution continues the discussion of beam sweeping techniques which have been introduced in earlier meetings in connection with the measurement of; unwanted emissions [7], harmonics [12] and in-band signals [17].
Observation  AUTONUM  \* Arabic \s :  This contribution continues the discussion of beam sweeping techniques for various measurement parameters.

The discussion is facilitated through the use of simplified diagrams. These are shown in the next section together with a number of observations that demonstrate the benefits of the technique that address:

· Reduced measurement time

· Reduced measurement uncertainty

· Applicability to both the white box and black box approaches

· Selection of beams or the beam sweep trajectory, matched to the grid geometry and to the test case(s)

· Observation of the spherical distribution of beam properties from which EIRP statistics can be derived
· Matching the sweep trajectory to the specific geometry of the measurement environment

The proposed measurement scheme targets a significant reduction in measurement time which can be applied for example to TRP (Total Radiated Power), EIRP (Equivalent Isotropic Radiated Power), TRS (Total Radiated Sensitivity), EIS (Effective Isotropic Sensitivity), and complex beam radiation pattern measurements.
3. Examples
To support the foregoing discussion, a number of diagrams have been created for the purpose of illustration and thus show simplified configurations rather than specific constructions.
In Figure 1, sixty measurement points are irregularly positioned over the surface of an imaginary sphere. The centre of the sphere is defined by the origin of the Cartesian coordinate system shown [23], that is, at the intersection of its x-, y- and z-axes.
For simplicity, only sixty points are shown in the diagram. These can be considered to represent the location of points on the surface of the sphere at which a measurement sample is taken. In practice, this can be achieved through the mechanical rotation of the DuT towards the direction of a single measurement probe, the arrangement of multiple measurement probes, or a combination of the two.

Observation  AUTONUM  \* Arabic \s :  The method can be used in both single- and multi-probe measurement systems.

Although an irregular measurement grid has been depicted, the method is equally-applicable to regular sampling grids without loss of generality.
Observation  AUTONUM  \* Arabic \s :  The method is equally-applicable to both regular and irregular sampling grids.

A device under test (DuT)—shown as a cuboid—is positioned at the centre of the sphere. According to the white-box approach, this should be done in such a way that the declared radiation reference point is coincident with the origin. When no such information is available—for example when adopting the black-box approach—an alternative method of centring is required. Regardless of which approach is taken, the method described herein is applicable to both.
Observation  AUTONUM  \* Arabic \s :  The method is equally-well suited to both the white-box and the black-box approaches.

In Figure 1a, the DuT is mechanically rotated such that its boresight is aligned to the x-axis where θ=90°, ϕ=0°. The figure also shows a beam sweep trajectory in which the beam is electronically steered over a range of scan angles—in this example the elevation angle is swept from +60° to ‑60° and the azimuth angle from ‑60° to +60°. It should be noted that the direction of the beam is defined with respect to the DuT rather than with respect to the measurement system. In Figure 1b, the DuT is mechanically rotated such that its boresight is aligned to θ=90°, ϕ=45°. The same electronic beam sweep is made as previously. This is repeated in Figure 1c in which the DuT is mechanically rotated such that its boresight is aligned to θ=90°, ϕ=90°. Again, the same electronic beam sweep is made as before.
A similar series of measurements is illustrated in Figures 1d—1f in which the electronically-steered beam is swept in a range of elevation angles from +60° to ‑60° and azimuth angles from +60° to ‑60°. Again, the DuT is rotated about the z-axis in three steps of 45°.
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a) θ=90°, ϕ=0°
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b) θ=90°, ϕ=45°
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c) θ=90°, ϕ=90°
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d) θ=90°, ϕ=0°
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e) θ=90°, ϕ=45°
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f) θ=90°, ϕ=90°

	Figure 1: A measurement environment comprised of sixty irregularly-positioned probes into which the DuT is placed and where its beam is swept (electronically) along a measurement path defined with respect to its boresight. Two measurement examples are shown—path_1: a), b) and c); and path_2: d), e), and f). The DuT is mechanically aligned with reference to the coordinate system as labelled above.


Due to the reduced number of sampling points and the irregularity of the sampling grid arranged over the sphere, the combined use of similar electronic beam sweeps and different mechanical orientations provides multiple estimates of the DuT’s radiation characteristics and thus offers the following advantages: a reduction in measurement time; and, through the application of the appropriate calculation techniques, reduced measurement uncertainty or statistically robust measurement results.
Observation  AUTONUM  \* Arabic \s :  The combination of similar electronic beam sweeps and different mechanical orientations provides statistically robust measurement results.

Observation  AUTONUM  \* Arabic \s :  The combination of similar electronic beam sweeps and different mechanical orientations reduces measurement uncertainty.

In practical measurement systems, the mechanical rotation of the DuT requires time for acceleration, deceleration and settling before the desired orientation is achieved. In order to reduce the time consumed by mechanical positioning, it is proposed that for each mechanical orientation of the DuT, a number of beam sweeps are performed before the DuT is then rotated to the next position. Therefore, and with reference to Figure 1, the DuT would be first positioned at θ=90°, ϕ=0° and the two beam sweeps of Figure 1a and 1d would be completed. Next, the DuT would be aligned at θ=90°, ϕ=45°, and measurements would be made according to the trajectories shown in Figure 1b and Figure 1e. Finally, in this much simplified example, the DuT would be rotated so that is boresight aligns to θ=90°, ϕ=90° and the measurements would be made according to Figure 1c and Figure 1f.
Observation  AUTONUM  \* Arabic \s :  Performing multiple sweeps at each mechanical rotation reduces test time.

Figure 2 is identical to Figure 1 with the following exception. Whereas Figure 1 illustrates the concept of beam sweeping, Figure 2 shows the construction of a beam set comprised of a number of fixed beams that are arranged in a regular pattern about a single central beam. The pitch and density of this pattern of fixed beams—a so-called beam set—can be chosen according to the expected characteristics of the single central beam, for example its half-power beam width.
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a) θ=90°, ϕ=0°
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b) θ=90°, ϕ=45°
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c) θ=90°, ϕ=90°

	Figure 2: Similar to Figure 1 with the exception that instead of sweeping the beam, a set of fixed beams is created. An example of a beam set positioned about the mechanical boresight of the DUT is shown. The DuT is mechanically aligned with reference to the coordinate system as labelled above.


When the DuT’s centre of radiation is unknown—for example when implementing the black-box approach—the location of the maximum EIRP can be found through the use of an appropriate beam set.
Observation  AUTONUM  \* Arabic \s :  A beam set helps find the maximum EIRP quickly.
Although the foregoing examples have concentrated on the application of the beam sweeping and fixed beam set technique to 3D measurement systems, the methods described are equally suitable for 2D systems in which the measurement probes could be arranged in a circle, arc or plane. With the appropriate design of beam sweep pattern, 1D measurement systems can also be used. Moreover, application is possible in both single probe and multi-probe systems.
Observation  AUTONUM  \* Arabic \s :  Beam sweeping can be used in 3D, 2D and 1D systems.

Observation  AUTONUM  \* Arabic \s :  Beam sweeping can be used in single probe and multi-probe systems.

4. Conclusion
The proposed measurement scheme targets a significant reduction in measurement time, including for example; TRP (Total Radiated Power), EIRP (Equivalent Isotropic Radiated Power), TRS (Total Radiated Sensitivity), EIS (Effective Isotropic Sensitivity), and complex beam radiation pattern measurements.
This contribution discusses beam sweeping and makes the following observations:
Observation 1: Issue to be addressed—reduction of measurement uncertainty.



 REF Observation_2 \h 
 \* MERGEFORMAT 
Observation 2: Issue to be addressed—reduction of measurement time.


Observation 3: Issue to be addressed—reduction of measurement uncertainty associated with the black-box approach.



 REF Observation_4 \h 
 \* MERGEFORMAT 
Observation 4: A large number of measurement points are required to achieve the minimum measurement uncertainty requirements.



 REF Observation_5 \h 
 \* MERGEFORMAT 
Observation 5: This contribution continues the discussion of beam sweeping techniques for various measurement parameters.


Observation 6: The method can be used in both single- and multi-probe measurement systems.



 REF Observation_7 \h 
 \* MERGEFORMAT 
Observation 7: The method is equally-applicable to both regular and irregular sampling grids.


Observation 8: The method is equally-well suited to both the white-box and the black-box approaches.


Observation 9: The combination of similar electronic beam sweeps and different mechanical orientations provides statistically robust measurement results.


Observation 10: The combination of similar electronic beam sweeps and different mechanical orientations reduces measurement uncertainty.


Observation 11: Performing multiple sweeps at each mechanical rotation reduces test time.


Observation 12: A beam set helps find the maximum EIRP quickly.

Observation 13: Beam sweeping can be used in 3D, 2D and 1D systems.



 REF Observation_14 \h 
 \* MERGEFORMAT 
Observation 14: Beam sweeping can be used in single probe and multi-probe systems.

In view of the above observations and their merits, the following proposal is made:
Proposal: RAN4 should discuss beam sweeping techniques further.
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