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1.	Introduction
In FR2 RRM, DFF(or Hybrid) is listed as available test method for RRM, however no estimation of total MU for DFF has been provided in RAN5 which prevents the TT analysis where the common MU among all test methodology regardless of test method or their test case types(1AoA, 2AoA) is desired. With this background, in this paper, we provide our view on the FR2 DL absolute level uncertainty for DFF.
2.	Discussion
Despite the difference of OTA technology (IFF / DFF), many of MU elements can be reused from IFF budget table and only small number of MU elements will be different. In the following sections, we show which MU elements are reusable and which are not.
2.1 MU terms that can be reused from IFF
Table 1 is the IFF EIS budget table in TR 38.903 v16.4.0.
2.1.1 MU elements associated with conducted part of the test system
The MU elements with green background color in Table 1 are associated with the conducted part of the system then these elements can be common for IFF. Hence these elements can be reusable from IFF budget table. 
[bookmark: p1]Proposal 1 : For FR2 DFF MU, reuse green highlighted values in Table 1 from FR2 IFF MU budget table

2.1.2 MU elements associated with OTA part of the test system
The rows with blue background color are associated with OTA(incl. antenna) part and are reusable from IFF budget table with reasoning  described below.

Positioning misalignment
DUT repositioning
Misalignment of positioning System
Positioning and pointing misalignment between the reference antenna and the measurement antenna
Systematic error related to beam peak search
Systematic error related to EIS spherical coverage

· These MU elements depend on the DUT’s radiation pattern and/or positioner’s backlash/accuracies hence no dependency for test setup type(IFF/DFF).

Uncertainty of the absolute gain of the calibration antenna
· Absolute gain uncertainty of calibration antenna uncertainty is solely determined from the calibration antenna’s characteristic and is independent from IFF/DFF method.

Standing wave between the DUT and measurement antenna

Standing wave between reference calibration antenna and measurement antenna

· These terms are set to 0 in IFF budget as it has ignorable effect. We do not see any special reason that these values have >0 in DFF system while 0dB is assumed in IFF 

RF leakage (from measurement antenna to the receiver/transmitter)
· It was agreed that this term is included in Quality of Quiet Zone hence set to 0. This principle applies for DFF as well.

Influence of the XPD
· In IFF, the value is derived based on 25dB XPD value. The difference from IFF is that the in IFF XPD is evaluated over the reflector, while in DFF the influence of XPD is directly influenced by pure XPD of the measurement antenna.  As 25dB XPD can be considered as a typical value of the actual measurement antenna, we can use the same value from IFF budget table.

[bookmark: p2]Proposal 2 : For FR2 DFF MU, reuse blue highlighted values in Table 1 from FR2 IFF MU budget table
Table 1 (Table B.19.2-2 in 38.903)  Uncertainty assessment for EIS measurement (f=23.45GHz, 32.125GHz, 40.8GHz, Quiet Zone size ≤ 30 cm) for PC3 UEs
	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 7)
	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
	gNB uncertainty on absolute level
	2.9
	Normal
	2.00
	1.45

	7
	Phase curvature 
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties
	2.1
	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
	Multiple measurement antenna uncertainty (NOTE 6)
	0.15
	Actual
	1.00
	0.15

	14
	DUT repositioning
	0.00 (NOTE 4)
0.08
	Rectangular
	1.73
	0.00 (NOTE 4)
0.05

	15
	Influence of spherical coverage grid (NOTE 4)
	0.12
	Actual
	1
	0.12

	Stage 1: Calibration measurement

	16
	Mismatch 
	0.00
	U-shaped
	1.41
	0.00

	17
	Amplifier Uncertainties
	0.00
	Normal
	2.00
	0.00

	18
	Misalignment of positioning System
	0.00
	Normal
	2.00
	0.00

	19
	Uncertainty of the Network Analyzer
	0.73
	Normal
	2.00
	0.37

	20
	Uncertainty of the absolute gain of the calibration antenna
	0.60
	Normal
	2.00
	0.30

	21
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	0.01
	Rectangular
	1.73
	0.00

	22
	Phase centre offset of calibration antenna
	0.00
	Rectangular
	1.73
	0.00

	23
	Quality of quiet zone for calibration process (NOTE 7)
	0.4
	Actual
	1.00
	0.4

	24
	Standing wave between reference calibration antenna and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	25
	Influence of the calibration antenna feed cable
	0.14
	Normal
	2.00
	0.07

	26
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	
	Systematic uncertainties (NOTE 3)
	Value

	27
	Systematic error related to beam peak search (NOTE 5)
	0.5

	28
	Systematic error related to EIS spherical coverage (NOTE 4)
	DL power step size, 0.2

	Total measurement uncertainty
	Value

	EIS Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	5.19

	EIS Spherical coverage Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	4.90

	NOTE 1:	The analysis was done only for the case of operating at max output power, in-band, non-CA.
NOTE 2:	Void.
NOTE 3:	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 4:	This contributor shall only be considered for spherical EIS measurements.
NOTE 5:	This contributor shall only be considered for EIS measurements.
NOTE 6:	Applies to the system which has a structure of mechanical feed antenna positioning.
NOTE 7:	Value based on procedure defined in clause D.2 of TR 38.810 for Quiet Zone size less or equal to 30 cm.



2.2 Measurement distance uncertainty and phase curvature
Those 2 MU elements are associated with finite far field measurement distance in DFF chamber as defined in 38.903. In IFF, as the reflector produce the plane wave and emulate as if UE is put infinite distance, then those terms were set to 0. 
[bookmark: _Toc21004755][bookmark: _Toc36041528][bookmark: _Toc36548752][bookmark: _Toc43901227]B.2.1.2	Measure distance uncertainty
The cause of this uncertainty contributor is due to the reduction of distance between the measurement antenna and the DUT. If the distance of separation is 2D2/lambda based on D being the entire device size, then the phase variation is 22.5deg. Whether this is the minimum acceptable criteria of phase taper over the entire DUT is FFS and shall be assessed during final MU definition for the test method. Any reduction in the distance of separation increases the phase variation and creates an error which is DUT dependant. Determination of limit of the error shall be done during final MU definition for the test method.
[bookmark: _Toc21004760][bookmark: _Toc36041533][bookmark: _Toc36548757][bookmark: _Toc43901232]B.2.1.7	Phase curvature
This contribution originates from the finite far field measurement distance, which causes phase curvature across the antenna of UE/reference antenna. At a measurement distance of 2D2/lambda the phase curvature is 22.5 degrees.  The impact of this factor shall be assessed during final MU definition for the test method.
Some discussions among concerning parties indicated those 2 MU elements are duplicating hence one of them are not required even in DFF chamber (But not yet a formal agreement). 
[image: ]
Figure 1 Impact of Finite far field measurement distance
Assuming the identical phase signal is emitted from centre and both edge of antenna, the power variation at finite distance (with phase difference ) relative to that at infinite distance is written with following formula ( ignoring the pathloss difference here).



For the case of    (22.5deg), the above formula gives  [dB] power variation. 

In [2], some simulation based analysis based on detailed modelling is provided and estimating ~0.5dB.

[bookmark: o1]Observation 1 : Impact from finite far field measurement distance(Measurement distance uncertainty and phase curvature) is estimated with in the order of +/-   ~ +/- 0.5 dB 
Also, it is needed to which MU element (Measurement distance uncertainty/phase curvature) to be adopted and which is set to 0 for DFF MU budget table.

[bookmark: o2]Observation 2 : Need to clarify which MU element (Measurement distance uncertainty/phase curvature) applies and which is set to 0.

2.3 Phase centre offset of calibration antenna
This MU terms is defined with following sentence in TR 38.903. The effect is calculated as a pathloss difference due to phase centre being not aligned with centre of quiet zone in calibration stage.
[bookmark: _Toc21004771][bookmark: _Toc36041544][bookmark: _Toc36548768][bookmark: _Toc43901243]B.2.1.18	Phase centre offset of calibration
Gain is defined at the phase centre of the antenna. If the phase centre of the calibration antenna is not aligned at the centre of the set up during the calibration, then there will be uncertainty related to the measurement distance.
The phase centre of a horn antenna moves with frequency along the taper length of the antenna therefore during the calibration the phase centre of all frequencies will not be aligned with the setup centre. The associated uncertainty term can be estimated using the following formula [14]:
[image: ]
+/-20log((measurement distance – d)/measurement distance) [14]
Where dm is the measurement distance and dp is the maximum positional uncertainty. For a Horn antenna this is equal to 0.5 the length of the taper.  This uncertainty is considered to have a rectangular distribution so the standard uncertainty is calculated by dividing the uncertainty by √3.
The same equation applies to log periodic antennas with dm being 0.5 the length of the boom.
For a dipole antenna, given that the phase centre of the antenna is easily aligned with the centre of the set up the measurement uncertainty is zero.
If the calibration antenna (i.e. horn) is adjusted during the calibration to align the phase centre to the setup centre then this uncertainty term can be considered to be zero. 
As an example a horn with a taper length of 50 mm, at 43.5 GHz and a measurement distance of 72.55 cm the uncertainty term is 0.62, with a rectangular distribution the standard uncertainty is 0.358 dB.
For DFF systems this uncertainty contribution must be included.
As mentioned, the uncertainty due to this value depends on the position alignment of antenna in the calibration stage. As said in the description in 38.903, if the reference antenna’s phase center and the center of QZ is aligned, then this MU element can be set to 0. However, from the real life test operation perspective, it would be not realistic to do it, as phase center is not easy to be identified accurately and also varies depending on the frequency.  
As in in-band measurement, we typically uses horn antenna as a reference antenna, then it would be reasonable to determine MU element based on horn antenna assumption.  
Assuming, 5cm taper length, D=5cm and FF distanceminimum range length of 0.48[m] as per 38.508-1 Table B.2.2.4-1for 43.5GHz () = 72.55 cm, the MU term is calculated as 0.300.47dB (20log10( (0.725548-0.5*0.05)/0.7255 48 ) according to formula [14] where dp is 0.5 times of taper length according to below statement.
Where dm is the measurement distance and dp is the maximum positional uncertainty. For a Horn antenna this is equal to 0.5 the length of the taper.  This uncertainty is considered to have a rectangular distribution so the standard uncertainty is calculated by dividing the uncertainty by √3.

[bookmark: p3]Proposal 3 : Adopt +/- 0.30dB 47dB for “Phase centre offset of calibration” for DFF budget table.
2.4 Total MU and Quality of Quiet Zone
The most dominant factor for the DFF total MU is quality of quiet zone. It is considered that the Quality of Quiet Zone can be bigger than that in IFF system. One of the reason is pathloss variation, or phase curvature variations depending on the position in the quiet zone.
In the point of TR 38.810, [1.5]dB was used as a tentative value. Table 4 shows the DFF MU budget based on the 2.1~2.3 and tentative QoQZ value [1.5] dB in 38.810.

Table 1 FR2 DFF MU Budget Table (Peak EIS)
	UID
	Uncertainty source
	Estimated 3GPP Budget (DFF, D=5cm)

	
	
	

	Stage 2 : Measurement stage
	value
	divisor
	std

	1
	Positioning misalignment
	0.00
	1.73
	0.00

	2
	Measure distance uncertainty
	[0.50]
	1.73
	[0.29]

	3
	Quality of Quiet Zone
	[1.50]
	1.00
	[1.50]

	4
	Mismatch
	1.30
	1.00
	1.30

	5
	Standing wave between DUT and measurement antenna
	0.00
	1.41
	0.00

	6
	gNB Uncertainity for EIS
	2.90
	2.00
	1.45

	7
	Phase curvature
	[0.00]
	1.41
	[0.00]

	8
	Amplifier Uncertainties
	2.10
	2.00
	1.05

	9
	Random Uncertainty
	0.50
	2.00
	0.25

	10
	Influence of the XPD
	[0.01]
	1.41
	[0.01]

	11
	Insertion loss variation
	0.00
	1.73
	0.00

	12
	RF leakage (from measurement antenna to receiver)
	0.00
	1.00
	0.00

	13
	Multiple measurement antenna uncertainty
	0.15
	1.00
	0.15

	14
	DUT repositioning
	0.08
	1.73
	0.05

	15
	Influence of spherical coverage grid(NOTE)
	0.00
	1.00
	0.00

	Stage 1: Calibration measurement
	　
	　
	　

	16
	Mismatch RX chain
	0.00
	1.41
	0.00

	17
	Amplifier Uncertainties
	0.00
	2.00
	0.00

	18
	Misalignment positioning system
	0.00
	2.00
	0.00

	19
	Uncertainty of network analyzer(Uncertainty of power meter)
	0.73
	2.00
	0.37

	20
	Uncertainty of the absolute gain of the calibration antenna
	0.60
	2.00
	0.30

	21
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.01
	1.73
	0.01

	22
	Phase centre offset of calibration antenna
	0.300.47
	1.73
	0.1827

	23
	Quality of the Quiet Zone for the calibration process
	[1.50]
	1.00
	[1.50]

	24
	Standing wave between reference calibration antenna and measurement antenna
	0.00
	1.41
	0.00

	25
	Influence of the calibration antenna feed cable:  Flexing cables, adapters, attenuators, connector repeatability
	0.14
	2.00
	0.07

	26
	Insertion Loss Variation
	0.00
	1.00
	0.00

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	　
	　
	[6.1416]

	27
	Systematic error related to beam peak search
	0.50
	　
	0.50

	28
	Systematic error related to EIS spherical coverage (NOTE) 
	0.00
	　
	0.00

	Total uncertainty (1.96σ + systematic error) [dB]
	　
	　
	[6.6466]


NOTE: EIS MU at Beam peak is assumed here as due to #27, peak EIS MU is bigger than EIS spherical coverage MU.

The estimated total MU for several QoQZ values assumptions other than 1.5dB is shown in Table 2.
Table 2 Estimated Total DFF MU for various QoQZ assumptions
	QoQZ [dB]
(Meas.Stage = Cal. Stage)
	Estimated
Total MU [dB]

	1.5
	6.66

	1.4
	6.547

	1.3
	6.30

	1.2
	6.13

	1.1
	6.05.97

	1.0
	5.82


With our evaluation of QoQZ value for DFF, it seems to be a challenging to achieve the QoQZ value which makes the 3GPP budget as small as 6.0dB where 6.0dB was conventionally assumed worst case MU in FR2 RRM testability studies from RAN4.
Hence, we can say that the total MU for DFF can be close to 6.0dB rather than 5.0dB, and it could be bigger than 6.0dB depending on the final QoQZ evaluation result.
[bookmark: o3]Observation 3: The total FR2 DFF MU is close to 6.0dB rather than 5.0dB, and it could be bigger than 6.0dB depending on the final QoQZ value.
As already mentioned in previous meeting [1], it is desired that TT analysis uses the single MU value regardless of test method/setup (IFF/DFF/Hybrid, 1AoA/2AoA…) considering the workload of TT analysis. To make progress on the other FR2 RRM test case, it is desired that the MU for FR2 RRM test case used for TT analysis can be determined in next meeting. Concerning parties are encouraged to provide analysis for remaining FR2 DFF MU elements, especially quality of quiet zone value, for next meeting.
[bookmark: p4]Recommendation 1 : Concerning parties are encouraged to provide analysis for remaining FR2 DFF MU elements, especially quality of quiet zone value.

3. Conclusion
In this contribution, we present our view on the FR2 DL absolute level uncertainty 
Observation 1 : Impact from finite far field measurement distance(Measurement distance uncertainty and phase curvature) is estimated with in the order of +/-   ~ +/- 0.5 dB 
Observation 2 : Need to clarify which MU element (Measurement distance uncertainty/phase curvature) applies and which is set to 0.
Observation 3: The total FR2 DFF MU is close to 6.0dB rather than 5.0dB, and it could be bigger than 6.0dB depending on the final QoQZ value.
Proposal 1 : For FR2 DFF MU, reuse green highlighted values in Table 1 from FR2 IFF MU budget table
Proposal 2 : For FR2 DFF MU, reuse blue highlighted values in Table 1 from FR2 IFF MU budget table
Proposal 3 : Adopt +/- 0.47dB for “Phase centre offset of calibration” for DFF budget table.
Proposal 3 : Adopt +/- 0.30dB for “Phase centre offset of calibration” for DFF budget table.
Recommendation 1 : Concerning parties are encouraged to provide analysis for remaining FR2 DFF MU elements, especially quality of quiet zone value.
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