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Introduction
During the past couple years, extensive campaigns for Quality of the Quiet Zone (QoQZ) evaluation have been performed and confirmed that the overall effort is significant, although there are alternatives to reduce the time effort that still provide worst case values.
This contribution presents the analysis of current QoQZ procedure, corresponding effort and proposals for an alternate reduced procedure.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Test time
QoQZ was originally discussed and defined in TR 38.810 [1] with the intent to characterize the test volume by means of a thorough and extensive procedure using a reference antenna that has a similar pattern as a worst-case UE, and using a huge amount of antenna orientations (α, β and γpol) to replicate a set of UE beams at several positions inside the test volume (P1 to P7).
It has to be noted that this QoQZ procedure was defined to be common to all accepted methodologies in TR 38.810 [1] (i.e. DFF, IFF and NFTF) while most RF test systems use only IFF due to the advantages in terms of dynamic range and MU.
The same procedure was included later on in TS 38.521-2 [2] with very minor modifications. The following excerpts show the relevant sections that affect the most to the overall test time:
[bookmark: _Toc21026933][bookmark: _Toc27744231][bookmark: _Toc36197402][bookmark: _Toc36198096]O.2.5	Reference AUT positions
The reference AUT shall be positioned in a total of 7 different reference positions, shown in Figure O.2.5.1-1 and O.2.5.2-1
While position 1, P1, is the centre of the quiet zone, the remaining positions, 2 through 7, are off-centre positions each displaced by the radius of the quiet zone, R. The coordinates of the respective test points are shown in Table O.2.5-1.
Table O.2.5-1: Reference AUT Measurement Coordinates
Position
x
y
z
P1
0
0
0
P2
R
0
0
P3
-R
0
0
P4
0
R
0
P5
0
-R
0
P6
0
0
R
P7
0
0
-R


[bookmark: _Toc21026938][bookmark: _Toc27744236][bookmark: _Toc36197407][bookmark: _Toc36198101]O.2.6.2	Combined-axes system
In order to keep the quality of the quiet zone characterization manageable in terms of test times, it is suggested to perform the reference measurements for the reference AUT placed at the 7 antenna positions with the antenna rotated around the x axis with 5 different angles , i.e.,   = -90o, -45o, 0o, 45o, and 90o and rotated around the y axis with 8 different angles  = 0o, 45o, 90o, 135o, 180o, 225o, 270o, and 315o. A graphical illustration of some sample reference AUT orientations is shown in Figure O.2.6.2-1 with a reference AUT placed at position 4, P4, for reference antenna polarization pol = 0o; Figure O.2.6.2-2 illustrates the reference AUT orientations for the reference polarization pol = 90o.
The matrix operation for the rotations and translation is defined as


for the combined-axes system.
[image: ]
Figure O.2.6.2-1: Sample reference AUT orientations for position 4, P4, for reference antenna polarization pol = 0o

[image: ]
Figure O.2.6.2-2: Sample reference AUT orientations for position 4, P4, for reference antenna polarization pol = 90o
When facing the y axis,  = 90o and  = -90o, the antenna does not need to be evaluated for the 8 different rotations around the y axis. A single rotation is sufficient since those orientations are unique. Due to the pedestal of the 2-axis positioner, combined-axes systems are not able to measure towards the  = 180o direction; for those systems, the reference measurements at this reference AUT orientation can be skipped.
If the device re-positioning approach outlined in Annex N is adopted for all EIRP/EIS/TRP based conformance test cases, the quality of quiet zone analysis is sufficient only for  = 0o, 45o, 90o, 270o, and 315o.
The positioner relative coordinates/orientations with respect to the measurement antenna/reflector shall remain the same for each reference antenna orientation, e.g., in the sample combined-axes system shown in O.2.5.2-2 the reference antenna shall be pointed towards the positioner for  = 135o and 225o for the initial position of (,) of (0,0).

The following table shows a high-level calculation of the time required to perform a full QoQZ assessment for in-band/OOB following current procedure in TS 38.521-2 [2]:
Table 2-1: QoQZ test time for EIRP and TRP
	Re-positioning approach
	Polarizations per Antenna Orientation
	Antenna Orientations per reference point
	Reference Points
	Total number of measurements
	Time per measurement [min]
	Total time [hours]

	No
	2
	23
	7
	322
	20
	~107

	Yes
	2
	17
	7
	238
	20
	~79



As it can be seen, the effort to perform a full assessment of the QoQZ performance following current procedure in TS 38.521-2 [2] and assuming re-positioning approach is used falls in the order of 10 full working days, assuming a clean execution without issues or interruptions. In reality, this typically tends to become 3 weeks.
In the case of an evaluation limited to EIRP, applicable for single directional requirements (e.g. test cases only performed at beam peak), the required test time is very much reduced to ~5 working days:
Table 2-2: QoQZ test time for EIRP
	Re-positioning approach
	Polarizations per Antenna Orientation
	Antenna Orientations per reference point
	Reference Points
	Total number of measurements
	Time per measurement [min]
	Total time [hours]

	No
	2
	23
	7
	322
	10
	~54

	Yes
	2
	17
	7
	238
	10
	~40



Observation 1: full QoQZ evaluation requires between 10-15 working days.
Reference positions and Antenna Orientations
As mentioned above, current QoQZ procedure was defined to be common to all accepted methodologies (DFF, IFF and NFTF), but IFF create very particular test volume conditions thanks to the physic of the Compact Antenna Test Range (CATR): the plane wave front (uniform amplitude and phase) created by the reflector is guaranteed in a certain cylinder volume which the height extends from very close distances from the reflector up to several meters. 
When looking at QoQZ test results, in case re-positioning approach is used, P6 and P7 have very little meaning due to the cylindrical component of the test volume defined by the CATR and always provide better values compared to the results at the edge of the cylinder (P2 – P5).
Therefore, it can be argued that measuring only P1 – P5 will result in a worst case estimate of the QoQZ. Additionally, the number of antenna orientations can be investigated and reduced to save additional test time. Previous contributions [3][4] mention a 14-points evaluation providing a good indication of the QoQZ MU but, according to our analysis, additional antenna orientations are required to capture worst cases.
Based on the analyzed data, the test results for α={0º,90º,-90º}, β={0º,90º,270º} and γ={0º,90º} provide the best representation of worst case orientations that provide QoQZ MU values always equivalent or above full evaluation. This is presented in the following figures. 
[image: ]
Figure 3-1: EIRP QoQZ comparison between full and reduced QoQZ evaluation
The data confirms the theory described above for CATR systems where P1 to P5 provide equal or worst-case data compared to P1 to P7.
Observation 2: reference positions P1 to P5 always provide a worst case estimate of the QZ performance when re-positioning approach is used.
[image: ]
Figure 3-2: TRP QoQZ comparison between full and reduced QoQZ evaluation
When comparing between EIRP and TRP, and as it can be expected, EIRP always provide a worst case.
Observation 3: EIRP evaluation of the QoQZ always provide a worst-case estimate compared to TRP.



Based on the QoQZ data presented in this contribution, the following proposals are made:
Proposal 1: allow the use of EIRP QoQZ values for TRP QoQZ MU.
Proposal 2: define a reduced QoQZ evaluation, as an alternate to full evaluation with re-positioning approach and limited to IFF, using only P1 to P5 and α={0º,90º,-90º}, β={0º,90º,270º} and γ={0º,90º}.

[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this contribution, the following observations and proposals were made:
Observation 1: full QoQZ evaluation requires between 10-15 working days.
Observation 2: reference positions P1 to P5 always provide a worst case estimate of the QZ performance when re-positioning approach is used.
Observation 3: EIRP evaluation of the QoQZ always provide a worst-case estimate compared to TRP.

Proposal 1: allow the use of EIRP QoQZ values for TRP QoQZ MU.
Proposal 2: define a reduced QoQZ evaluation, as an alternate to full evaluation with re-positioning approach and limited to IFF, using only P1 to P5 and α={0º,90º,-90º}, β={0º,90º,270º} and γ={0º,90º}.
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