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Introduction
Following the decision made during last meeting to simplify the applicability of MTSU and keep only one value applicable to all quiet zone sizes less than or equal to 30 cm, we present in this contribution further clarification and propose changes that were missed.
Background on those decisions made in RAN5#84 can be tracked in [1], [2], [3] together with the meeting report [4].
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
 Flexible quiet zone size
Previous agreement made during last meeting resulted in the corresponding CRs implemented for TS 38.521-2 [5] and TR 38.903 [6] where the MTSU is applicable to all quiet zone sizes less or equal to 30 cm, as can be seen in the following excerpts from TS 38.521-2 [5] and TR 38.903 [6]:
Table F.1.2-1: Maximum Test System Uncertainty (MTSU) for transmitter tests
Sub clause
Maximum Test System Uncertainty
Derivation of MTSU
6.2.1.1 UE maximum output power (EIRP)
PC3
Minimum peak EIRP, Max EIRP
Quiet Zone size ≤ 30 cm
±4.89 dB (FR2a)
±5.09 dB (FR2b)
MTSU = 1.00 x MU (from Table B.3-2-2, B.3-2-3 in TR 38.903)
6.2.1.1 UE maximum output power (TRP)
PC3
Max TRP
Quiet Zone size ≤ 30 cm
±4.42 dB (FR2a)
±4.62 dB (FR2b)
MTSU = 1.00 x MU (from Table B.3-2-2, B.3-2-3 in TR 38.903)



B.3.2 Uncertainty budget format and assessment for IFF
The uncertainty contributions that may impact the overall MU value are listed in Table B.3.2-1.
Table B.3.2-1: Uncertainty contributions for EIRP and TRP measurement
UID
Description of uncertainty contribution
Details in annex
Stage 2: DUT measurement
1
Positioning misalignment
B.2.2.1
2
Measure distance uncertainty
B.2.2.2
3
Quality of Quiet Zone
B.2.2.3
4
Mismatch
B.2.2.4
5
Standing wave between the DUT and measurement antenna
B.2.2.5
6
Uncertainty of the RF power measurement equipment
B.2.2.6
7
Phase curvature
B.2.2.7
8
Amplifier uncertainties
B.2.2.8
9
Random uncertainty
B.2.2.9
10
Influence of the XPD
B.2.2.10
11
Insertion Loss Variation
B.2.2.11
12
RF leakage (from measurement antenna to the receiver/transmitter)
B.2.2.12
13
Influence of TRP measurement grid
B.2.2.22
14
Influence of beam peak search grid
B.2.2.23
15
Multiple measurement antenna uncertainty
B.2.2.25
16
DUT repositioning
B.2.2.26
17
Influence of spherical coverage grid
B.2.2.29
Stage 1: Calibration measurement
18
Mismatch
B.2.2.4
19
Amplifier Uncertainties
B.2.2.8
20
Misalignment of positioning System
B.2.2.13
21
Uncertainty of the Network Analyzer
B.2.2.14
22
Uncertainty of the absolute gain of the calibration antenna
B.2.2.15
23
Positioning and pointing misalignment between the reference antenna and the measurement antenna
B.2.2.16
24
Phase centre offset of calibration antenna
B.2.2.18
25
Quality of quiet zone for calibration process
B.2.2.19
26
Standing wave between reference calibration antenna and measurement antenna
B.2.2.20
27
Influence of the calibration antenna feed cable
B.2.2.21
28
Insertion Loss Variation
B.2.1.11
Systematic uncertainties
29
Systematic error due to TRP calculation/quadrature
B.2.2.24
30
Influence of noise
B.2.1.27
31
Systematic error related to beam peak search
B.2.2.28

The uncertainty assessment tables are organized as follows:
-	For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D
-	The uncertainty assessment has been derived for the case of Quiet Zone size ≤ [30 cm], f = {23.45GHz, 32.125GHz, 40.8GHz}, [P = maximum output power].
-	The uncertainty assessment for EIRP and TRP is provided in Table B.3.2-2 and Table B.3.2-3.
-	The uncertainty assessment for Spherical coverage is provided in Table B.3.2-4 and Table B.3.2-5.




Table B.3.2-2: Uncertainty assessment for EIRP and TRP measurement (f=23.45GHz, 32.125GHz, 40.8GHz, Quiet Zone size ≤ 30 cm)
UID
Uncertainty source
Uncertainty value
Distribution of the probability
Divisor 
Standard uncertainty (σ) [dB]
Stage 2: DUT measurement
1
Positioning misalignment
0.00
Normal
2.00
0.00
2
Measure distance uncertainty
0.00
Rectangular
1.73
0.00
3
Quality of Quiet Zone (NOTE 1)
0.6
Actual
1.00
0.6
4
Mismatch
1.30
Actual
1.00
1.30
5
Standing wave between the DUT and measurement antenna
0.00
U-shaped
1.41
0.00
6
Uncertainty of the RF power measurement equipment (NOTE 3)
2.16
Normal
2.00
1.08
7
Phase curvature
0.00
U-shaped
1.41
0.00
8
Amplifier uncertainties
2.10
Normal
2.00
1.05
9
Random uncertainty
0.50
Normal
2.00
0.25
10
Influence of the XPD
0.01
U-shaped
1.41
0.00
11
Insertion Loss Variation
0.00
Rectangular
1.73
0.00
12
RF leakage (from measurement antenna to the receiver/transmitter)
0.00
Actual
1.00
0.00
13
Influence of TRP measurement grid (NOTE 4)
0.25
Actual
1
0.25
14
Influence of beam peak search grid (NOTE 5)
0.00
Actual
1
0.00
15
Multiple measurement antenna uncertainty (NOTE 9)
0.15
Actual
1
0.15
16
DUT repositioning
0.00 (NOTE 4)
0.08 (NOTE 5)
Rectangular
1.73
0.00 (NOTE 4)
0.05 (NOTE 5)
Stage 1: Calibration measurement
17
Mismatch
0.00
U-shaped
1.41
0.00
18
Amplifier Uncertainties
0.00
Normal
2.00
0.00
19
Misalignment of positioning System
0.00
Normal
2.00
0.00
20
Uncertainty of the Network Analyzer
0.73
Normal
2.00
0.37
21
Uncertainty of the absolute gain of the calibration antenna
0.60
Normal
2.00
0.30
22
Positioning and pointing misalignment between the reference antenna and the measurement antenna
0.01
Rectangular
1.73
0.00
23
Phase centre offset of calibration antenna
0.00
Rectangular
1.73
0.00
24
Quality of quiet zone for calibration process (NOTE 1)
0.4
Actual
1.00
0.4
25
Standing wave between reference calibration antenna and measurement antenna
0.00
U-shaped
1.41
0.00
26
Influence of the calibration antenna feed cable
0.14
Normal
2.00
0.07
27
Insertion Loss Variation
0.00
Rectangular
1.73
0.00

Systematic uncertainties (NOTE 6)
Value
28
Systematic error due to TRP calculation/quadrature (NOTE 4)
0.00
29
Influence of noise (23.45GHz <= f <= 32.125GHz)
0.1
29
Influence of noise (32.125GHz < f <= 40.8GHz)
0.3
30
Systematic error related to beam peak search (NOTE 5)
0.5
Total measurement uncertainty 
Value
EIRP Expanded uncertainty (23.45GHz <= f <= 32.125GHz) (1.96σ - confidence interval of 95 %) [dB]
4.89
EIRP Expanded uncertainty (32.125GHz < f <= 40.8GHz) (1.96σ - confidence interval of 95 %) [dB]
5.09
TRP Expanded uncertainty (23.45GHz <= f <= 32.125GHz) (1.96σ - confidence interval of 95 %) [dB]
4.42
TRP Expanded uncertainty (32.125GHz < f <= 40.8GHz) (1.96σ - confidence interval of 95 %) [dB]
4.62
NOTE 1:	The quality of quiet zone is the same for EIRP and TRP. Value based on procedure defined in Annex D.2 of TR 38.810 for Quiet Zone size less or equal to 30 cm.
NOTE 2:	The analysis was done only for the case of operating at max output power, in-band, non-CA.
NOTE 3:	The assessment assumes maximum DUT output power.
NOTE 4:	This contributor shall only be considered for TRP measurements.
NOTE 5:	This contributor shall only be considered for EIRP measurements.
NOTE 6:	In order to obtain the total measurement uncertainty, systematic uncertainties have to be added to the expanded root sum square of the standard deviations of the Stage 1 and Stage 2 contributors.
NOTE 7:	Void.
NOTE 8:	Void
NOTE 9: 	Applies to the system which has a structure of mechanical feed antenna positioning.




Observation 1: current wording in TS 38.521-2 [5] and TR 38.903 [6] allows for usage of any QZ size less or equal to 30 cm.
It is the general understanding that the flexible QZ size as per current wording in TS 38.521-2 [5] and TR 38.903 [6] is not intended to allow different sizes with respect to different test cases, or even a different QZ size for each fabricated OTA chamber. 
Despite the thoroughness of the CR’s in [2] and [3] addressing the change in all applicable clauses, one change was missed on the sizes specified for the QoQZ evaluation, where discrete values of R = 7.5 (D = 15cm) and R = 15cm (D = 30cm) are specified in TS 38.521-2 [5], clauses O.2.4 and O.3.4. Therefore, it is required to update those clauses to keep consistency.
Proposal 1: define a radius up to 15cm (D ≤ 30 cm) for the QZ size to be used for QoQZ evaluation.

Fixed quiet zone size
Although the current agreement and wording in TS 38.521-2 [5] and TR 38.903 [6] as presented above allows any QZ size less or equal to 30 cm whenever the MTSU is met, offline and online discussion held during past meetings for other standardization groups (i.e. RAN4 and CTIA), other companies pointed to some potential undesired side effects in test case validations due to a flexible declaration of the QZ size. 
In addition, some market analysis like the one presented previously at RAN4 in [7] and [8], show how the 15cm QZ size, defined according to the assumptions for smartphones during the FR2 testability study item in RAN4, is not sufficient to cover the majority of smartphones. 
According to the same market studies of most common smartphone sizes, and in case the flexible approach described in 2.1 cannot be agreed, it seems obvious that a 20cm QZ size would allow to cover most smartphones but still use a reduced footprint OTA chamber as the one originally defined for 15cm QZ.
Proposal 2: in case proposal 1 is not agreed, replace the discrete R = 7.5cm (D = 15cm) with R = 10cm (D = 20cm) for the QZ size to be used for QoQZ evaluation.

Changes to TS 38.521-2 and TR 38.903
In both cases, there is no need for changes in TR 38.903 since the agreed CR’s already allows for flexibility of different QZ size. Thus, the MTSU remains unchanged. 
Observation 2: the MTSU remains unchanged no matter the value selected for the radius to be used for QoQZ evaluation for quiet zone sizes less or equal to 30 cm.
The only change required to implement either of the options described in 2.1 or 2.2 is required in clauses O.2.4 and O.3.4 of TS 38.521-2 [5]. In the Annex A an example is shown for the needed changes in TS 38.521-2 [5]. The CR associated to this discussion papers is ref. [10].


[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
In this contribution we propose to further clarify the simplification of the measurement uncertainty specification in TR 38.903 and TS 38.521-2 where only one measurement uncertainty is used for all quiet zone sizes less or equal to 30 cm for IFF systems.
Observation 1: current wording in TS 38.521-2 [5] and TR 38.903 [1] allows for usage of any QZ size less or equal to 30 cm.
Proposal 1: define a radius up to 15cm (D ≤ 30 cm) for the QZ size to be used for QoQZ evaluation.
Proposal 2: in case proposal 1 is not agreed, replace the discrete R = 7.5cm (D = 15cm) with R = 10cm (D = 20cm) for the QZ size to be used for QoQZ evaluation.
Observation 2: the MTSU remains unchanged no matter the value selected for the radius to be used for QoQZ evaluation for quiet zone sizes less or equal to 30 cm.
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Annex A:
A.1 Changes to TR 38.521-2 to implement the flexible QZ size:
Annex O:
<< Unchanged text deleted >>
<< Beginning of changes >>
[bookmark: _Toc21026932]O.2.4		Size of the quiet zone
The size of the quiet zone within which the variations of measurements are evaluated depends on the size of the DUT. For smartphones, the quiet zone shall be considered a sphere with radius of R=7.5cm. For larger smartphones and tablet type devices, the quiet zone shall be considered a sphere with radius of R≤=15cm. Alternate quiet zone sizes can be defined for even larger DUTs.
The quality of quiet zone procedure for systems supporting larger quiet zone sizes can be performed for the largest quiet zone radius only and the results can be applied to the smaller quiet zone radius. Performing separate sets of quality of quiet zone measurements for different radii is not precluded.
<< End of changes >>
<< Unchanged text deleted >>
<< Beginning of changes >>
[bookmark: _Toc21026945]O.3.4		Size of the quiet zone
The size of the quiet zone within which the variations of measurements are evaluated depends on the size of the DUT. For smartphones, the quiet zone shall be considered a sphere with radius of R=7.5cm. For larger smartphones and tablet type devices, the quiet zone shall be considered a sphere with radius of R≤=15cm. Alternate quiet zone sizes can be defined for even larger DUTs.
The quality of quiet zone procedure for systems supporting larger quiet zone sizes can be performed for the largest quiet zone radius only and the results can be applied to the smaller quiet zone radius. Performing separate sets of quality of quiet zone measurements for different radii is not precluded.
<< End of changes >>


A.2 Changes to TR 38.521-2 to implement the fixed QZ size = 20cm:
Annex O:
<< Unchanged text deleted >>
<< Beginning of changes >>
O.2.4		Size of the quiet zone
The size of the quiet zone within which the variations of measurements are evaluated depends on the size of the DUT. For smartphones, the quiet zone shall be considered a sphere with radius of R=7.510cm. For larger smartphones and tablet type devices, the quiet zone shall be considered a sphere with radius of R=15cm. Alternate quiet zone sizes can be defined for even larger DUTs.
The quality of quiet zone procedure for systems supporting larger quiet zone sizes can be performed for the largest quiet zone radius only and the results can be applied to the smaller quiet zone radius. Performing separate sets of quality of quiet zone measurements for different radii is not precluded.
<< End of changes >>
<< Unchanged text deleted >>
<< Beginning of changes >>
O.3.4		Size of the quiet zone
The size of the quiet zone within which the variations of measurements are evaluated depends on the size of the DUT. For smartphones, the quiet zone shall be considered a sphere with radius of R=7.510cm. For larger smartphones and tablet type devices, the quiet zone shall be considered a sphere with radius of R=15cm. Alternate quiet zone sizes can be defined for even larger DUTs.
The quality of quiet zone procedure for systems supporting larger quiet zone sizes can be performed for the largest quiet zone radius only and the results can be applied to the smaller quiet zone radius. Performing separate sets of quality of quiet zone measurements for different radii is not precluded.
<< End of changes >>
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