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Introduction
One of the last remaining issues related to the QoQZ procedure for spurious emissions is the question whether the re-positioning concept can be applied to the validation procedure and the actual spurious emission test cases. This contribution is taking a closer look at the MU impact.  
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, 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 last meeting [2]: 
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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, should largely depend on the link antenna architecture. Suitable link antenna implementations should remedy this connectivity problem.
[bookmark: _Ref1144995]Observation 1: Suitable link antenna implementations should remedy the connectivity problem highlighted as the reason against the re-positioning approach for spurious emissions 
Not accepting the device repositioning concept will result in QoQZ tests that need to be performed with the reference antenna in the forward and backward facing direction, as outlined in the following slide of the WF [2]. 
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When placed in the forward-facing orientation, the directive antenna with min HPBW of 20o will not face support structures and antenna masts; however, when the antenna is facing backward, the directive beam might very well be absorbed by those support and positioner structures which could result in a very large measurement uncertainty impact.
Effect of Re-Positioning on MU
The effect of the re-positioning concept on the MU is estimated with in-band QoQZ measurements in an IFF system with 15cm quiet zone [3] that were originally performed with and without the re-positioning concept for in-band measurements. 
For a combined-axes system and with the device re-positioning concept agreed, a total of 14 measurements would be required, i.e., TRP at 7 reference positions with the reference antenna aligned to two principal polarizations. The 7 different positions with antennas (in red) in the forward-facing direction are illustrated in Figure 1. 
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[bookmark: _Ref1139984]Figure 1: Reference Antenna Setup for the combined-axes system and the re-positioning concept approach accepted, i.e., forward-facing direction only.
For the same system and with the device re-positioning concept not agreed, another set of 14 measurements would have to be added with the reference antennas facing backwards which is illustrated in Figure 2
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[bookmark: _Ref1145716]Figure 2: Reference Antenna Setup for the combined-axes system; only the additional reference antenna orientations (backward facing) are shown that would be required if the re-positioning concept was not allowed.

The QoQZ measurements performed in [3], however, did not include TRP measurements with the reference antenna facing in the backward direction, i.e., directly facing the positioner. However, to demonstrate the increase in MU, the following interpolation approach is used: the TRP for the backward direction (=180o) is estimated by an interpolation of the TRPs with in adjacent orientations, i.e., the antenna orientations at =135o and =225o. This is further illustrated in Figure 3 when looking at 5 reference position on the xz plane from the top. It can be assumed that the TRP(=180o) is smaller than TRP(=135o) and TRP(=225o) as more radiation is absorbed by the support and positioner structures. 
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[bookmark: _Ref1145827]Figure 3: Interpolation of the TRPs for the backward-facing orientation

The results are tabulated in Table 1 for the three in-band QoQZ frequencies (23.45GHz, 32,125GHz, and 40.8GHz). As expected, the resulting MU (standard deviation of the measured/interpolated TRPs) is increasing significantly when the required antennas are required to face backward. The difference for the set of 7 positions is about 1dB and for the reference position, P1, at the centre of the QZ the difference is about 0.7dB (based on a very small data set though). While the maximum spread between max and min TRPs is ~1.5dB for the data set with the re-positioning approach, the spread is ~8dB for the data set without the re-positioning approach. Even larger differences and MU impact should be expected for when the reference antenna is facing the positioner directly and when even more directive reference antennas are used with HPBWs of ~20o. 
[bookmark: _Ref1142867]Table 1: QoQZ Results for spurious emissions (std. deviation of TRPs). Results for in-band frequencies only
	Positions
	QoQZ Test Frequencies
	With re-positioning (14 TRP Measurements)
Forward Facing only
	Without Re-Positioning (28 TRP Measurements)
Forward and Backward Facing

	P1-P7
	23.45GHz
	0.29
	1.19

	
	32.125GHz
	0.42
	1.39

	
	40.8GHz
	0.36
	1.55

	P1 only
	23.45GHz
	0.13
	0.86

	
	32.125GHz
	0.06
	0.84

	
	40.8GHz
	0.05
	0.75


[bookmark: _Ref1145000]Observation 2: The MU of the QoQZ for spurious emissions is much with the re-positioning approach accepted when compared to not accepted.
[bookmark: _Ref1145007]Observation 3: A very large MU impact should be expected for highly directive antennas 
Based on the observations made in this contribution, it is suggested to allow the re-positioning approach but not make it mandatory in case system vendors experience connectivity issues. The MU applied needs to match the approach followed by the lab. 
[bookmark: _Ref1145017]Proposal 1: 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. 
[bookmark: _Ref1145022]Proposal 2: Allow system vendors the flexibility to not follow the re-positioning approach while taking the increased MU into account. 
[bookmark: _Ref1145027]Proposal 3: 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
[bookmark: _GoBack]Observation 1: Suitable link antenna implementations should remedy the connectivity problem highlighted as the reason against the re-positioning approach
Observation 2: The MU of the QoQZ for spurious emissions is much with the re-positioning approach accepted when compared to not accepted.
Observation 3: A very large MU impact should be expected for highly directive antennas
Proposal 1: 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 2: Allow system vendors the flexibility to not follow the re-positioning approach while taking the increased MU into account.
Proposal 3: Define a set of QoQZ procedures for spurious emissions with and without re-positioning approach
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Re-Positioning during QoQZ Validation for
Spurious Emissions

* The beam peak direction of the spur does not
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* Whether the repositioning concept used for in-band
measurements can be applied to spurious emissions
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Reference Antenna Orientations for QoQZ
Procedure

« If the device repositioning concept is accepted, a single reference
antenna orientation (forward facing) and two orthogonal antenna
polarizations shall be used

« If the device repositioning concept is not accepted, two reference
antenna orientations (forward and backward facing) and two antenna
polarizations shall be used
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TRP(B=180°) = 0.5*[TRP(B=135°)+TRP(B=225°)]





