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1. Introduction
Over-the-air (OTA) measurements and the definition of their associated measurement grids continue to be discussed and standardized in 3GPP. A summary of the progress in these areas up to meeting RAN4#88 is given in [1]. As these discussions are still on-going, it is useful to note examples of the topics that were examined in RAN4#88-bis: the need to reduce test time [2]; the need to reduce the number of measurement points [3]; the combination of coarse and fine measurement grids [4]; the further study of measurement grids and their effect on TRP statistics [5]; the application of Rx scan knowledge to Tx scan optimization [6]; and the optimization of Rx scans [7]. A recurring theme common to all of these areas of study is test time. This was addressed in the way forward [8] agreed at RAN4#88-bis as follows:

	“Test vendors to provide approximate test times in RAN4#89 once an estimate of the dwell time is provided (considering the dwell time could have a significant impact on overall test time).”


To put the above topics into focus, we recall reference [9] that teaches “a practical trade-off between ‘long measurement time and high accuracy’ versus ‘reasonable measurement time with lower accuracy’”. 

From the foregoing review of selected RAN4 TDocs, two general observations are made:

Observation  AUTONUM  \* Arabic \s :  Issue to be addressed—reduction of measurement uncertainty.
Observation  AUTONUM  \* Arabic \s :  Issue to be addressed—reduction of measurement time.
In connection with the on-going UE testability study item [10], this contribution examines the current UE measurement procedures [11] which are common to both transmission and reception and, in particular, are used to: find the beam peak direction; and perform a 3D scan. 
This paper also reviews an alternative method first presented in [1] and that is now compared with the current measurement procedure [11]. The comparison is made using three different approaches: an algorithmic representation; a graphical visualization; and an algebraic comparison. The latter reveals not only the measurement time savings that can be achieved by adopting the alternative procedure but also that a reduction in test time can be obtained without affecting measurement accuracy. In other words, it is no longer necessary to search for “a practical trade-off between ‘long measurement time and high accuracy’ versus ‘reasonable measurement time with lower accuracy’” [9].
2. Discussion
To begin the examination of the current measurement procedure, an extract from Annex K of 3GPP TS 38.521-2 V15.0.0 (2018-09) [11] is presented. Although this annex explains the EIRP (Effective Isotropic Radiated Power) measurement procedure, the sequence is also applicable to TRP (Total Radiated Power), TRS (Total Radiated Sensitivity), EIS (Effective Isotropic Sensitivity), and complex beam radiation pattern measurements.
Annex K (normative): EIRP measurement procedure

Annex K defines the EIRP measurement procedure for the permitted testing methodologies defined in [5].

K.1
Direct far field (DFF)

The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal polarization) with a grid that is TBD. The TX beam peak direction is where the maximum total component of EIRP is found.

1)
Connect the SS (System Simulator) with the DUT through the downlink 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)
Measure the mean power (Pmeas,θ) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).

4)
Calculate EIRPθ by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas,θ
5)
Measure the mean power (Pmeas,φ) of the modulated signal arriving at the power measurement equipment.

6)
Calculate EIRP φ by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,φ and frequency to the measured power Pmeas, φ
7)
Calculate total EIRP = EIRPθ + EIRPφ

K.2
Direct far field (DFF) simplification

Same measurement procedure as in clause K.1.

K.3
Indirect far field (IFF)

Same measurement procedure as in clause K.1.
K.4
Near field to far field transform (NFTF)

The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal polarization) with a grid that is TBD. The TX beam peak direction is where the maximum total component of EIRP is found.

1)
Connect the SS (System Simulator) 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)
Determine the EIRP for both polarization towards the TX beam peak direction by using a Near Field to Far Field transform.

5)
Calculate total EIRP = EIRPθ + EIRPϕ
Algorithmic representation 

The steps listed above are now rewritten in the form of an algorithmic pseudo-code to which annotation is added that identifies the duration of the following steps: mechanical positioning, Tpos; link establishment, Test-link; beam lock, Tlock; and measurement time; Tmeas. Two additional variables are introduced: M which represents the number of link angels (beams); and N the number of measurement angles (measurement grid points).
Table 1 presents the pseudo-code for the current measurement procedure, which is subsequently referred to as the mechanical repositioning method or “Case A”.
Table 1: Pseudo-code for mechanical repositioning measurement method – “Case A”

	Algorithm
	Duration

	% M is the number of link angles

% N is the number of measurement angles 

1: For m=1:M

2:
Rotate DUT in link-angle(m) direction
3:
Establish a link

4:
Lock beam

5:
Measure EIRP(m)
6:
For n=1:N

7:

Rotate DUT in measurement-angle(n) direction
8:

Measure EIRP(m,n)
9:
end % n
10: end % m


	Tpos
Test-link
Tlock
Tmeas
Tpos
Tmeas


A cursory inspection of Table 1 identifies a loop within a loop or a so-called nested loop.

The alternative method first presented in [1] is similarly described in the form of pseudo-code. As before, annotation is added to identify the duration of the following steps: mechanical positioning, Tpos; link establishment, Test-link; beam lock, Tlock; measurement duration, Tmeas; store position and beam state information Tstore; and recall position and beam state information, Trecall. 
Table 2 presents the pseudo-code for the alternative measurement procedure, which is subsequently referred to as the mechanical repositioning with electronic beam-indexing method or “Case B”.
Table 2: Pseudo-code for mechanical repositioning with electronic beam-indexing measurement method – “Case B”

	Algorithm
	Duration

	% M is the number of link angles

% N is the number of measurement angles 

1: For m=1:M

2:
Rotate DUT in link-angle(m) direction
3:
Establish a link

4:
Lock beam

5:
Store beam configuration(m)

6: end % m
7: For n=1:N

8:
Rotate DUT in measurement-angle(n) direction

9:
For m=1:M

10:

Recall beam configuration(m)
11:

Measure EIRP(m,n)
12:
end % m

13: end % n


	Tpos
Test-link
Tlock
Tstore
Tmeas
Tpos
Trecall
Tmeas


It is evident that whereas Table 1 contains a so-called nested loop, Table 2 contains one loop followed by another.

Pictorial representations

Although in practice the 3D scan is performed over the surface of an imaginary sphere, a simplified picture in two dimensions can be conveniently used to visualize the measurement methods presented above. To this end, pictorial representations are presented in Figure 1 for the mechanical repositioning measurement method – “Case A” and in Figure 2 for the mechanical repositioning with electronic beam-indexing measurement method – “Case B”.
	
[image: image1]

	Figure 1: Pictorial presentation of mechanical repositioning method – “Case A”.

	
[image: image2]

	Figure 2: Pictorial presentation of mechanical repositioning with electronic beam-indexing method – “Case B”.


In Figure 1 (mechanical repositioning measurement method) there are clearly many more mechanical positions required to complete the measurement procedure than shown in Figure 2 (mechanical repositioning with electronic beam-indexing measurement method). 
It should be noted that in a practical measurement system, the mechanical rotation of the device under test (DuT) requires time for acceleration, deceleration and settling before the desired orientation is achieved. In Table 1 and Table 2, all three of these mechanically-related positioning delays are summed together and denoted by the parameter Tpos.
Thus far, RAN4 discussions to improve measurement time have mainly focussed on a reduction in the number of measurement points. For a constant step size measurement grid, this is determined by the angular spacing between spatial sampling points whereas for a constant density grid, the number of grid points is the determining factor. RAN4 discussion has noted that a reduction in the number of measurement points is normally associated with an increase in measurement uncertainty.
Even though mechanical positioning is necessary for both the current and the alternative measurement procedure, the pictorial representations of Figure 1 and Figure 2 indicate that the total number of mechanical positions can be decreased without reducing the number of measurement angles (and hence does not affect the measurement uncertainty). In order to quantify the potential saving in test time, an algebraic analysis of the two measurement procedures is made.
Observation  AUTONUM  \* Arabic \s :  The total number of mechanical positions can be decreased without reducing the number of measurement angles (and hence does not affect the measurement uncertainty).

Algebraic analysis

With reference to the duration parameters listed in Table 1 for “Case A” and Table 2 for “Case B”, the total time needed to perform a measurement comprised of M link angles and N measurement angles is presented in equations (1) and (2), respectively.
Case A: mechanical repositioning measurement method
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Case B: mechanical repositioning with electronic beam-indexing measurement method 
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	(2)


Reduction in measurement time
The time saving factor is the ratio of the duration of Case A to the duration of Case B or in other words, the quotient of eqn. (1) and eqn. (2).
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	(3)


Equation 3 can be simplified by assuming that the mechanically-related positioning delays, represented by Tpos, dominate all other factors as noted in eqn. (4).
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	(4)


Thus
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Special conditions
Having simplified the equation to the form shown in eqn. (5), three special conditions are considered.
In the first use case, the number of link angles M is much greater than the number of measurement angles N. Even though this scenario is somewhat unrealistic, eqn. (6) shows that the new method reduces the measurement time by approximately a factor of (1+N).

	1.
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	(6)


Observation  AUTONUM  \* Arabic \s :  When the number of link angles M is much greater than the number of measurement angles N, the new method reduces the measurement time by approximately a factor of (1+N).

In the second use case, the number of measurement angles N is much greater than the number of link angles M and thus represents a typical and realistic scenario. Here the reduction in measurement time offered by the new method is approximately a factor of M times that of the old method.

	2.
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Observation  AUTONUM  \* Arabic \s :  When the number of measurement angles N is much greater than the number of link angles M, the new method reduces the measurement time by approximately a factor of M.
In the third and final use case, the number of measurement angles N is approximately equal to the number of link angles M. For this scenario, the new method promises a potential reduction in measurement time equal to a factor of (1+M)/2 times that of the old method.

	3.
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Observation  AUTONUM  \* Arabic \s :  When the number of measurement angles N is approximately equal to the number of link angles M, the new method reduces the measurement time by approximately a factor of (1+M)/2.

All three conditions show a reduction in measurement time. In particular, when the number of measurement angles N is much greater than the number of link angles M, the new method offers a potential improvement of approximately a factor of M times that of the old method.
Observation  AUTONUM  \* Arabic \s :  The new method offers a reduction in measurement time regardless of the number of measurement angles and link angles.

3. 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.


Observation 2: Issue to be addressed—reduction of measurement time.

Observation 3: The total number of mechanical positions can be decreased without reducing the number of measurement angles (and hence does not affect the measurement uncertainty).
Observation 4: When the number of link angles M is much greater than the number of measurement angles N, the new method reduces the measurement time by approximately a factor of (1+N).
Observation 5: When the number of measurement angles N is much greater than the number of link angles M, the new method reduces the measurement time by approximately a factor of M.
Observation 6: When the number of measurement angles N is approximately equal to the number of link angles M, the new method reduces the measurement time by approximately a factor of (1+M)/2.
Observation 7: The new method offers a reduction in measurement time regardless of the number of measurement angles and link angles.
In view of the above observations and their merits, the following proposal is made:
Proposal: As part of the UE testability study item, RAN4 should discuss beam sweeping techniques further.
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