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1. Introduction
This TDoc was first submitted to RAN4 #96e as R4-2009773. However, as test time reduction did not form part of that meeting’s agenda, the submission was not treated. Therefore, and as test time reduction is to be discussed in the current meeting, the TDoc is now submitted as R4-2014491.
Over-the-air (OTA) measurements and testing methods continue to be discussed and standardized in 3GPP. In RAN4, reference [1] teaches the need for “a practical trade-off between ‘long measurement time and high accuracy’ versus ‘reasonable measurement time with lower accuracy’”. Other teachings can be found in references [2] [3] and [4]. A review of such TDocs and their cited references, reveals:

Observation  AUTONUM  \* Arabic \s :  Issue to be addressed—reduction of measurement uncertainty.
Observation  AUTONUM  \* Arabic \s :  Issue to be addressed—reduction of measurement time.
Related and on-going work within RAN4 not only addresses the “Study on Test Methods” [5] and the “Study on Enhanced Test Methods” [6] but now more specifically focusses on the second frequency range (FR2) challenges defined in the New [7] and Revised [8] Study Item Descriptions (SIDs), the latter approved in RAN-#85 and comprising some six categories of investigation. Presently, the first three of these have been prioritized through to RAN-#89 (September 2020). 
To prepare for the work associated with the final three categories of the revised SID [8], this early contribution focusses on test time reduction methods and strategies and in doing so, revisits the alternative test methods presented in [2] [3]. This paper reveals the merits of those methods when adapted for FR2 applications. This shows not only the measurement time savings that can be achieved by adopting the procedures 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’” [1].
2. Discussion
The concept of “beam sweeping” was explained in reference [2] and is repeated here for convenience. Suppose that a device under test (DUT) is capable of forming a directional antenna pattern and is also capable of changing its pattern by some means, typically electronic. The direction in which maximum energy is directed represents the peak of the pattern and in this context, is referred to as a “beam”. The DUT which is capable of producing more than one antenna pattern can thus produce multiple beams that may also be arranged so as to point in different directions. The means by which this is achieved, the number of beams that can be produced (at a given time), the direction in which the beams can be pointed and the characteristics of the antenna pattern and its beams is a matter of implementation (which may be proprietary) and is thus beyond the scope of this contribution. For the DUT that can produce a set of N beams, these can be arranged such that when each beam is selected in an indexed or ordered sequenced, the beam appears to move or “sweep” in a given direction. Alternative sequences can then be used to sweep the beam in different directions. The length of any given sequence, M, need not necessarily match the number of available beams, N. In general terms, a non-repeated sequence will have a length M ≤ N. It should be noted that NR devices operating in FR2 are anticipated to have the capability to produce more beams than perhaps a device operating in FR1.
Using pseudo-code instructions, two examples are given of generalized DUT measurements. In the first example (see Table 1), the test environment (TE) requests the DUT to report the number of DUT beam configurations, N whereas in the second example (see Table 2) the TE requests the DUT to report the sequence length M.
Table 1: Pseudo-code for electronic beam-sweeping measurement method – “Case A”.
	Algorithm A

	% TE is the test environment

% DUT is the device under test

% L is the number of tests

% N is the number of DUT beam configurations

01: Establish a link

02: TE requests DUT to report N

03: For l=1:L

04:    Set TE configuration(l)

05:    For n=1:N
06:       Recall DUT beam configuration(n)

07:       Lock beam
08:       Perform measurement(l,n)
09:    end % n

10: end % l




Table 2: Pseudo-code for electronic beam-sweeping measurement method – “Case B”.
	Algorithm B

	% TE is the test environment

% DUT is the device under test

% L is the number of tests

% M is the length of the sweep sequence
01: Establish a link

02: TE requests DUT to report M

03: For l=1:L

04:    Set TE configuration(l)

05:    For m=1:M
06:       Recall DUT beam configuration(m)

07:       Lock beam
08:       Perform measurement(l,m)
09:    end % m
10: end % l




The contents of Table 1 and Table 2 are now explained. After a link has been established (line 01) and the TE has requested the DUT to report either N or M (line 02), respectively, a loop within a loop or a so-called nested loop is executed (line 03 through to and including line10). The inner part of this nested loop (lines 05-09) includes the steps needed for DUT beam configuration (06), DUT beam locking (07) and for the TE to perform the measurement per se (08). The outer part of the nested loop configures the TE. In order to achieve the test time savings taught in [3], all or at least the major part of the inner loop should be executed electronically (that is by implementing beam sweeping) whereas the outer loop may require some part of mechanical positioning depending on the type of the TE used. Such time savings have been analysed in detail for different measurement scenarios [3] and similar benefits are to be expected for FR2 measurement applications. 
Observation  AUTONUM  \* Arabic \s :  Beam sweeping can be used to reduce the time needed for FR2 testing.
3. Conclusion
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: Beam sweeping can be used to reduce the time needed for FR2 testing.
In view of the above observations and their merits, the following proposal is made:
Proposal: As part of the enhanced test methods for FR2 study item, RAN4 should discuss beam sweeping techniques further.
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