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Introduction
Several discussions related to the QoQZ and test case procedures for spurious emissions were held in the last few meetings, specifically the question whether the re-positioning concept must be applied to the QoQZ validation procedure and the actual spurious emission test cases. This contribution is reviewing previous agreements and the impact on the procedures following the realization that the beam peak of the 2nd harmonic cannot be assumed to be aligned with the beam peak direction of the fundamental.  
Re-Positioning Concept for Spurious Emissions
The re-positioning concept for in-band measurements has been discussed and agreed in Annex C.3 of [1]. While for in-band measurements, the beam peak direction is known, the beam peak of the spur is not known, i.e., no beam peak search procedure has been defined. In lieu of searching for the peak a priori, the re-positioning concept can still be applied to the spurious emissions measurements by measuring two hemispheres separately which involves the DUT, while it is connected to the gNB emulator, to be rotated by 180o around its axis halfway through the test.  
This has been captured and illustrated in the following slide of the WF from the January AH#4 [2]: 
	[image: ]



Concerns were voiced that during the device re-positioning, connectivity issues could arise because the in-band beam is locked. A call drop, for instance, could result in longer test and setup times. These connectivity issues, however, could largely depend on the link antenna architecture. Suitable link antenna implementations could remedy this connectivity problem.
For the spur at the 2nd harmonic, it was argued in [4]
This emission is expected to be observed from the activated Tx antenna. So the peak direction can be assumed almost the same as UL signals and thus we can carry out TRP measurement with a same manner as the case of in-band TRP MOP measurement without the DUT repositioning concept.
If the beam peak direction of the 2nd harmonic was indeed guaranteed to be in the same (or very similar) direction of the in-band beam peak, this would significantly simplify the QoQZ for Spurious Emissions validation procedure as well as the actual Spurious Emissions test cases. As it is essential to define a test procedure that applies for all UEs, especially since it is a regulatory test case, an official action point was created during the RAN5#82 meeting to determine whether the beam peak of the 2nd harmonic can be assumed to be in the same (or similar) direction as the in-band beam peak for UEs:
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Two contributions in the April AH#5 meeting addressed this action point and concluded that the beam peak direction of the 2nd harmonic cannot be considered the same or very similar to the beam peak of the fundamental. In [5], the following observations and proposals were made
Observation 3: For “true” time delay assumptions, only a fraction of the power at the 2nd harmonic is directed towards the general beam peak direction of the fundamental frequency.
Observation 4: Due to the limited device DUT alignment options with the system coordinate system, a considerable amount of power might be directed towards the back hemisphere that could be lost in the TRP equation due to obstructions by the pedestals/positioners/fixtures.
Observation 5: The beam peak direction is expected to change directions for realistic antenna array implementations with rather narrow-band phase shifter implementations
Proposal 2: The TRP procedure for spurious emissions at the 2nd harmonic shall take the DUT re-positioning approach into account.
In [6], it was concluded
This contribution provides simulation results and shows the difference between the beam direction of the 1st and 2nd harmonic for a 4x1 linear array on a phone size ground plane. The method proposed in [1] cannot be used for all DUTs and would require knowledge of the UE implementation. The method which is used should encompass all UE implementations.
Given the feedback provided, it is proposed to close AP#82.21 and conclude that the beam peak direction of the 2nd harmonic cannot be assumed to be the same or similar as the beam peak direction of the fundamental.
[bookmark: _Ref6999760]Proposal 1: Close AP#82.21 with the conclusion that the beam peak direction of the 2nd harmonic cannot be assumed to be the same or similar as the beam peak direction of the fundamental.
[bookmark: _Ref1144995]The remaining question is whether to require the re-positioning concept for spurious emissions test cases or allow flexibility as proposed in [3]:


Proposal 2: Allow system vendors to follow the re-positioning approach for spurious emissions with the added risk of occasional connectivity problems but with much lower MU. 
Proposal 3: Allow system vendors the flexibility to not follow the re-positioning approach while taking the increased MU into account. 
As outlined in [3] using empirical measurements and interpolations, the QoQZ MU was shown to increase by about 1dB. Actual measurements with the antenna directly facing the support structure and using a more directive antenna, will certainly lead to larger standard deviations. As outlined in [7], standard deviations up to 35dB could be expected.
In order to optimize the MU for the spurious emissions test cases, it is proposed to base the QoQZ MU element for total expanded MU of the test case and the maximum test system uncertainty (MTSU) on the re-positioning concept, i.e., perform the procedure with a single reference antenna orientation (forward facing) using two orthogonal antenna polarizations. 
[bookmark: _Ref6999765]Proposal 2: Base the QoQZ MU for total expanded MU of the test case and the MTSU on the re-positioning concept, i.e., perform the procedure with a single reference antenna orientation (forward facing)
Consequently, the baseline spurious emissions test case procedures shall take the re-positioning concept into account, i.e., perform the spurious emissions test cases by measuring two hemispheres separately with the DUT rotated by 180o around its axis halfway through the test.
[bookmark: _Ref6999769]Proposal 3: The baseline spurious emissions test case procedures shall take the re-positioning concept into account, i.e., perform the spurious emissions test cases by measuring two hemispheres separately with the DUT rotated by 180o around its axis halfway through the test
On the other hand, it is proposed to give system vendors the flexibility to not take the re-positioning approach into account provided that the overall system MU meets the MTSU with the QoQZ procedure utilizing two reference antenna orientations (forward and backward facing).  
[bookmark: _Ref6999773]Proposal 4: Allow system vendors the flexibility to not take the re-positioning approach into account for the spurious emissions test case and the QoQZ procedures provided that the overall system MU meets the maximum test system uncertainty (MTSU) with the QoQZ procedure utilizing two reference antenna orientations (forward and backward facing). Other procedures to judge the applicability of non-repositioning method such as utilizing a pre-scan are not precluded.
Based on the proposals made in this contribution, it is suggested to allow the re-positioning approach but not make it mandatory. The MU applied needs to match the approach followed by the lab. Corresponding QoQZ procedures need to be defined. 
[bookmark: _Ref1145027]Proposal 5: Define a set of QoQZ procedures for spurious emissions with and without re-positioning approach
Conclusion
The following observations and proposals were made in this contribution
Proposal 1: Close AP#82.21 with the conclusion that the beam peak direction of the 2nd harmonic cannot be assumed to be the same or similar as the beam peak direction of the fundamental.
Proposal 2: Base the QoQZ MU for total expanded MU of the test case and the MTSU on the re-positioning concept, i.e., perform the procedure with a single reference antenna orientation (forward facing)
Proposal 3: The baseline spurious emissions test case procedures shall take the re-positioning concept into account, i.e., perform the spurious emissions test cases by measuring two hemispheres separately with the DUT rotated by 180o around its axis halfway through the test
[bookmark: _GoBack]Proposal 4: Allow system vendors the flexibility to not take the re-positioning approach into account for the spurious emissions test cases and the QoQZ procedures provided that the overall system MU meets the maximum test system uncertainty (MTSU) with the QoQZ procedure utilizing two reference antenna orientations (forward and backward facing). Other procedures to judge the applicability of non-repositioning method such as utilizing a pre-scan are not precluded.
Proposal 5: Define a set of QoQZ procedures for spurious emissions with and without re-positioning approach
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