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<< Unchanged sections omitted >>
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. 
B.2.1.3
Quality of quiet zone

The quality of the quiet zone procedure characterizes the quiet zone performance of the anechoic chamber, specifically the effect of reflections within the anechoic chamber including any positioners and support structures. The MU term additionally includes the amplitude variations effect of offsetting the directive antenna array inside a DUT from the centre of the quiet zone as well as the directivity MU, i.e., the variation of antenna gains in the different direct line-of-sight links. An additional MU term related to phase variation and phase ripple effects which depends on measurement distance is FFS and shall be assessed during final MU definition for the test method. This might require an augmentation of the quality of the quiet zone validation procedure. 
<< Unchanged sections omitted >>
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. 
<< Unchanged sections omitted >>
B.2.1.10
Influence of the XPD

This factor takes into account the uncertainty caused due to the finite cross polar discrimination (XPD) between the two polarization ports of the measurement probe. The XPD of the probe antenna shall be take into account during final MU definition for the test method.
A typical probe antenna can have XPD of 30dB 

For example if a linearly-polarized sine wave is input to the measurement antenna with a gradient of 45 degrees like the case in the following figure, then a signal level of V-antenna and H antenna are equal.

When we consider a leakage from V to H, or H to V, they can be described with the following equations.
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Worst case can be assumed as the case that the phase of signal and leakage are same, and it can be shown as follows

[image: image12.png]XPD

LeakageComponentFromH = A - sin(2nft) - 10720
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If we put equations (3) in (1) and (4) in (2), we get following 2 equations.
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Difference of amplitude between the case that there is a leakage and not can be calculated as follows. 

-
Amplitude when there is not the leakage: [image: image21.emf]𝐴  


-
Amplitude when there is the leakage (Worst): [image: image22.emf]𝐴 ൬ 1 + 10 𝑋𝑃𝐷 20 ൰  



[image: image27.emf]
For example, if the XPD = -30dB, the calculated value can be as follows.
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<< Unchanged sections omitted >>
B.2.3.16
Phase Recovery Non-Linearity over signal bandwidth

This uncertainty originates from the non-linearity of the phase recovery for wide band signal. The phase recovery can be due to either phase non-linearity of the receiver and/or the DUT itself. The method to quantify the non-linarites is not defined.

<< Unchanged sections omitted >>
B.3.1 Uncertainty budget format and assessment for DFF

The uncertainty contributions that may impact the overall MU value are listed in Table B.3.1-1.

Table B.3.1-1: Uncertainty contributions for EIRP and TRP measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment
	B.2.1.1

	2
	Measure distance uncertainty
	B.2.1.2

	3
	Quality of quiet zone
	B.2.1.3

	4
	Mismatch
	B.2.1.4

	5
	Standing Wave Between the DUT and measurement antenna
	B.2.1.5

	6
	Uncertainty of the RF power measurement equipment
	B.2.1.6

	7
	Phase curvature
	B.2.1.7

	8
	Amplifier uncertainties
	B.2.1.8

	9
	Random uncertainty
	B.2.1.9

	10
	Influence of the XPD
	B.2.1.10

	11
	Insertion Loss Variation
	B.2.1.11

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	B.2.1.12

	13
	Influence of TRP measurement grid
	B.2.1.22

	14
	Influence of beam peak search grid
	B.2.1.23

	Stage 1: Calibration measurement

	15
	Mismatch
	B.2.1.4

	16
	Amplifier uncertainties
	B.2.1.8

	17
	Misalignment of positioning System
	B.2.1.13

	18
	Uncertainty of the Network Analyzer
	B.2.1.14

	19
	Uncertainty of the absolute gain of the calibration antenna
	B.2.1.15

	20
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	B.2.1.16

	21
	Phase centre offset of calibration antenna
	B.2.1.18

	22
	Quality of quiet zone for calibration process
	B.2.1.19

	23
	Standing wave between reference calibration antenna and measurement antenna
	B.2.1.20

	24
	Influence of the calibration antenna feed cable 
	B.2.1.21

	Systematic uncertainties

	25
	Mean error related to TRP calculation applying sin(θ)-weighting
	B.2.1.24


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 D = [5 cm], f = {22.65GHz, 31.1GHz, 45.1GHz}, P = [maximum output power].

-
The uncertainty assessment for EIRP and TRP is provided in Table B.3.1-2.

Table B.3.1-2: Uncertainty assessment for EIRP and TRP measurement (f=TBD, D=TBD)

	UID
	Uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	Stage 2: DUT measurement

	1
	Positioning misalignment
	
	
	
	

	2
	Measure distance uncertainty
	
	
	
	

	3
	Quality of quiet zone (NOTE 2)
	
	
	
	

	4
	Mismatch (NOTE 3)
	
	
	
	

	5
	Standing Wave Between the DUT and measurement antenna
	
	
	
	

	6
	Uncertainty of the RF power measurement equipment (NOTE 4)
	
	
	
	

	7
	Phase curvature
	
	
	
	

	8
	Amplifier uncertainties
	
	
	
	

	9
	Random uncertainty
	
	
	
	

	10
	Influence of the XPD
	
	
	
	

	11
	Insertion Loss Variation
	
	
	
	

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	
	
	
	

	13
	Influence of TRP measurement grid (NOTE 5)
	0.25
	Actual
	1
	0.25

	14
	Influence of beam peak search grid (NOTE 6)
	0.5
	Actual
	1
	0.5

	Stage 1: Calibration measurement

	15
	Mismatch
	
	
	
	

	16
	Amplifier uncertainties
	
	
	
	

	17
	Misalignment of positioning System
	
	
	
	

	18
	Uncertainty of the Network Analyzer
	
	
	
	

	19
	Uncertainty of the absolute gain of the calibration antenna
	
	
	
	

	20
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	
	
	
	

	21
	Phase centre offset of calibration antenna
	
	
	
	

	22
	Quality of quiet zone for calibration process (NOTE 2)
	
	
	
	

	23
	Standing wave between reference calibration antenna and measurement antenna
	
	
	
	

	24
	Influence of the calibration antenna feed cable 
	
	
	
	

	
	Systematic uncertainties (NOTE 7)
	Value

	25
	Mean error for constant step size grid (NOTE 5)
	0.34

	Total measurement uncertainty 
	Value

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

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

	NOTE 1:
The impact of phase variation on EIRP shall be taken into account during final MU definition for the test method.
NOTE 2:
The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is FFS; for EIRP, the standard uncertainty of quiet zone is FFS.

NOTE 3: 
The analysis was done only for the case of operating at max output power, in-band, non-CA.

NOTE 4:
The assessment assumes maximum DUT output power.

NOTE 5: 
This contributor shall only be considered for TRP measurements.
NOTE 6: 
This contributor shall only be considered for EIRP measurements.
NOTE 7: 
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.


<< Unchanged sections omitted >>
B.3.3 Uncertainty budget format and assessment for NFTF

The uncertainty contributions that may impact the overall MU value are listed in Table B.3.3-1.
Table B.3.3-1: Uncertainty contributions for EIRP and TRP measurement

	UID
	Description of uncertainty contribution
	Details in paragraph

	
	Stage 2: EIRP Near Field Radiation Pattern Measurement and EIRP Near Field DUT power measurement

	1
	Axis Alignment
	B.2.3.1

	2
	Measurement Distance Uncertainty
	B.2.3.2

	3
	Quality of the Quiet Zone
	B.2.3.3

	4
	Mismatch
	B.2.3.4

	5
	Multiple Reflections: Coupling between Measurement Antenna and DUT
	B.2.3.5

	6
	Uncertainty of the RF power measurement equipment
	B.2.3.6

	7
	Phase curvature
	B.2.3.7

	8
	Amplifier uncertainties
	B.2.3.8

	9
	Random uncertainty
	B.2.3.9

	10
	Influence of the XPD
	B.2.3.10

	11
	NF to FF truncation
	B.2.3.11

	12
	Probe Polarization Amplitude and Phase
	B.2.3.12

	13
	Probe Array Uniformity (for multi-probe systems only)
	B.2.3.13

	14
	Phase Recovery Non-Linearity over signal bandwidth
	B.2.3.16

	15
	Probe Pattern Effect
	B.2.3.17

	16
	Phase Drift and Noise
	B.2.3.20

	17
	Leakage and Crosstalk
	B.2.3.25

	
	Stage 1: Calibration measurement

	18
	Mismatch
	B.2.3.4

	19
	Amplifier uncertainties
	B.2.3.8

	20
	Uncertainty of the Network Analyzer
	B.2.3.14

	21
	Uncertainty of the absolute gain of the calibration antenna
	B.2.3.15

	22
	Phase centre offset of calibration
	B.2.3.18

	23
	Quality of the Quiet Zone for Calibration Process
	B.2.3.19

	24
	Mismatch in the connection of the calibration antenna
	B.2.3.21


The uncertainty assessment table is 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 D = [5 cm], f = {22.65GHz, 31.1GHz, 45.1GHz}, P = [maximum output power].

-
The uncertainty assessment for EIRP and TRP is provided in Table B.3.1-2.

Table B.3.3-2: Uncertainty assessment for EIRP and TRP measurement (f=TBD, D=TBD)

	UID
	Description of uncertainty contribution
	Uncertainty Value
	Distribution of the probability
	Divisor
	Standard uncertainty (σ) [dB]

	
	Stage 2: EIRP Near Field Radiation Pattern Measurement and EIRP Near Field DUT power measurement 

	1
	Axis Alignment
	 
	 
	 
	 

	2
	Measurement Distance Uncertainty
	 
	 
	 
	 

	3
	Quality of the Quiet Zone
	 
	 
	 
	 

	4
	Mismatch
	 
	 
	 
	 

	5
	Multiple Reflections: Coupling between Measurement Antenna and DUT
	 
	 
	 
	 

	6
	Uncertainty of the RF power measurement equipment
	 
	 
	 
	 

	7
	Phase curvature
	 
	 
	 
	 

	8
	Amplifier uncertainties
	 
	 
	 
	 

	9
	Random uncertainty
	 
	 
	 
	 

	10
	Influence of the XPD
	 
	 
	 
	 

	11
	NF to FF truncation
	 
	 
	 
	 

	12
	Probe Polarization Amplitude and Phase
	 
	 
	 
	 

	13
	Probe Array Uniformity (for multi-probe systems only)
	 
	 
	 
	 

	14
	Phase Recovery Non-Linearity over signal bandwidth
	 
	 
	 
	 

	15
	Probe Pattern Effect
	 
	 
	 
	 

	16
	Phase Drift and Noise
	 
	 
	 
	 

	17
	Leakage and Crosstalk
	 
	 
	 
	 

	
	Stage 1: Calibration measurement

	18
	Mismatch
	 
	 
	 
	 

	19
	Amplifier uncertainties
	 
	 
	 
	 

	20
	Uncertainty of the Network Analyzer
	 
	 
	 
	 

	21
	Uncertainty of the absolute gain of the calibration antenna
	 
	 
	 
	 

	22
	Phase centre offset of calibration
	 
	 
	 
	 

	23
	Quality of the Quiet Zone for Calibration Process
	 
	 
	 
	 

	24
	Mismatch in the connection of the calibration antenna
	 
	 
	 
	 

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

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

	NOTE 1:
The impact of phase variation on EIRP shall be taken into account during final MU definition for the test method.
NOTE 2:
The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is FFS; for EIRP FFS.

NOTE 3:
The analysis was done only for the case of operating at max output power, in-band, non-CA,

NOTE 4:
The assessment assumes maximum DUT output power.

NOTE 5:
The Phase Recovery Non-Linearity over signal bandwidth is shall be taken into account during final MU definition for the test method.


<< End of changes >>
