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1.	Introduction
This paper provides analysis on the MU for EIRP spherical coverage test case. Following analysis is provided. 
· Correlation of MU between different grids (Action point : AP#Adhoc#5.1 raised from [1])
-	  Preliminary evaluation of 50%-tile MU considering assumed correlation and impact from noise
Finally, the view on the definition of MTSU for spherical coverage is addressed.
2.	Discussion
2.1.	Correlation of MU between grids
Following tables shows the element by element correlation analysis. In Assumption 1, if the element is thought to be in between of 100% and 0% correlated, regard it as 100% correlated. Assumption 2 is the contrary assumption.
Table 1 Analysis of correlation of MU between grids (Based on Table B.3.2-5 in TR 38.903 v15.2.0)
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]
	Comment
	Correlation 
(Assumption 1)
	Correlation 
(Assumption 2)

	Stage 2: DUT measurement
	　
	　
	　

	1
	Positioning misalignment
	0
	Normal
	2
	0
	Pure mechanical error is considered random and no-correlated. Calmative error of stepping motor will be correlated.
	Y
	N

	2
	Measure distance uncertainty
	0
	Rectangular
	1.73
	0
	Correlated
	Y
	Y

	3
	Quality of Quiet Zone  (NOTE 1, NOTE 5)
	0.5
	Actual
	1
	0.5
	Came from the scattering inside chamber, mechanical of the reflector, etc.  Some correlation is possible between grids in vicinity, less correlation among the grids apart.
	Y
	N

	4
	Mismatch
	1.3
	Actual
	1
	1.3
	Correlated (Associated with conducted part) assuming no switching of RF path depending on grid
	Y
	Y

	5
	Standing wave between the DUT and measurement antenna
	0
	U-shaped
	1.41
	0
	Non-correlated. Standing wave effect is function of place, and will have a periodicity of wave length (like 10mm). As long as UE is much bigger than wave length, it could be non-correlated. 
	N
	N

	6
	Uncertainty of the RF power measurement equipment (NOTE 3)
	2.16
	Normal
	2
	1.08
	Correlated (Associated with conducted part). Linearity will depends on power level(i.e. grids), but is relative small compared to other elements.
	Y
	Y

	7
	Phase curvature 
	0
	U-shaped
	1.41
	0
	Same as #2
	Y
	Y

	8
	Amplifier uncertainties
	2.1
	Normal
	2
	1.05
	Depends on temperature, time variation, etc. Correlated if AMP is well aged and stabilized during measurement.
	Y
	N

	9
	Random uncertainty 
	0.5
	Normal
	2
	0.25
	Non-correlated ( as per its definition )
	N
	N

	10
	Influence of the XPD
	0.01
	U-shaped
	1.41
	0
	Close to 100%-correlated
	Y
	Y

	11
	Insertion Loss Variation
	0
	Rectangular
	1.73
	0
	Correlated (Associated with conducted part)
	Y
	Y

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	0
	Actual
	1
	0
	(Included in QoQZ)
	N/A
	N/A

	13
	Multiple measurement antenna uncertainty (NOTE 6)
	0.15
	Actual
	1
	0.15
	Correlated (Associated with conducted part).
	Y
	Y

	14
	DUT repositioning
	0.00
	Rectangular
	1.73
	0.00
	Correlated within a half-sphere. Non-correlated between 2 half-spheres. Close to correlated.
	Y
	Y

	15
	Influence of spherical coverage grid
	0.12
	Actual
	1
	0.12
	Defined for set of grid points. 
	N/A
	N/A

	Stage 1: Calibration measurement
	　
	
	

	16
	Mismatch
	0
	U-shaped
	1.41
	0
	100% correlated as is used as a basis for the stage 2 measurement irrespective of grids.
	Y
	Y

	17
	Amplifier Uncertainties
	0
	Normal
	2
	0
	
	Y
	Y

	18
	Misalignment of positioning System
	0
	Normal
	2
	0
	
	Y
	Y

	19
	Uncertainty of the Network Analyzer
	0.73
	Normal
	2
	0.37
	
	Y
	Y

	20
	Uncertainty of the absolute gain of the calibration antenna
	0.6
	Normal
	2
	0.3
	
	Y
	Y

	21
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	0.01
	Rectangular
	1.73
	0
	
	Y
	Y

	22
	Phase centre offset of calibration antenna
	0
	Rectangular
	1.73
	0
	
	Y
	Y

	23
	Quality of quiet zone for calibration process (NOTE 1, NOTE 5)
	0.2
	Actual
	1
	0.2
	
	Y
	Y

	24
	Standing wave between reference calibration antenna and measurement antenna
	0
	U-shaped
	1.41
	0
	
	Y
	Y

	25
	Influence of the calibration antenna feed cable
	0.14
	Normal
	2
	0.07
	
	Y
	Y

	26
	Insertion Loss Variation
	0
	Rectangular
	1.73
	0
	
	Y
	Y

	　
	Systematic uncertainties (NOTE 6)
	Value
	　
	
	

	27
	Influence of noise (23.45GHz <= f <= 32.125GHz) 
	TBD
	Depends on the shape of beam, sampling grids, etc…. Unable to define the correlation.
	N/A
	N/A

	37
	Influence of noise (32.125GHz < f <= 40.8GHz)  
	TBD
	　
	
	

	Total measurement uncertainty 
	Value
	　
	
	

	Spherical coverage Expanded uncertainty (23.45GHz <= f <= 32.125GHz) (1.96σ - confidence interval of 95 %) [dB]
	TBD
	　
	
	

	Spherical coverage Expanded uncertainty (32.125GHz < f <= 40.8GHz) (1.96σ - confidence interval of 95 %) [dB]
	TBD
	　
	
	

	NOTE 1:	The quality of quiet zone is the same for EIRP and TRP.
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:	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 5:	Value based on procedure defined in Annex D.2 of TR 38.810 for Quiet Zone size of 30 cm.
NOTE 6:	Applies to the system which has a structure of mechanical feed antenna positioning.



As a whole, the correlation of MU between grids depends on many parameters, assumptions, etc… but generally we think that the correlation of MU is close to 100% correlated rather than 0% correlated.
Observation 1 : Correlation of MU between grids depends on many parameters, conditions and assumptions. 
Observation 2 : From rough estimation, the correlation of MU between grids is close to 100% correlated rather than 0% correlated.
2.2.	Evaluation method for the variation of median EIRP
EIRP MU can be classified to following components.
a) Random MU
(a-1) Those with 100% non-correlated. 
(a-2) Those with 100% correlated. 
(a-3) Impact from grid
b) Systematic error
(b-1) Impact from noise 
Evaluation for variation of median EIRP can be done with following steps.
SNC=<RSS of (a-1) elements>
SC=<RSS of (a-2) elements>
SG=<RSS of (a-3) elements>
Add a single random error that follows the normal distribution with sigma = SC to reference CDF curve
Add independent random errors that follows the normal distribution with sigma = SNC to each sample of CDF curve obtained in step 4
Add noise to the obtained CDF curve in step 5
Step 4 – 6 are repeated for N realizations and derive the STD and Mean of 50%-tile value (write it as S’ and M’, respectively).
S50%-tile = RSS(S’, SG)
E50%-tile= 1.96* S50%-tile + abs(M’-M), where M is 50%-tile value in the original reference CDF curve,
2.3.	Preliminary evaluation
According to the analysis in Table 1, following value can be used for SNC, SC and SG.
	
	100% correlated
	Assumption 1
	Assumption 2

	SNC = <RSS of (a-1) elements> 
	0
	0.25
	1.19

	SC = <RSS of (a-2) elements>
	2.14
	2.12
	1.78

	SG = <RSS of (a-3) elements>
	0.12
	0.12
	0.12



The preliminary evaluation is provided for CDF curve as shown Figure 1, though input for more realistic EIRP CDF curve from UE vendors is still desired.
[image: ]
Figure 1 Assumed CDF Curve
Evaluation done for N=1,000,000 realizations. For the noise level, SNR = 0dB(No Noise), 0.5dB and 1.0dB for 50%-tile EIRP level in reference CDF curve is assumed. Figure 2 shows the CDF curve with error (for first 1000 realization), and Figure 3 shows the obtained MUs.
[image: ]
Figure 2 CDF curve with error (first 1000 realization)
[image: ]
Figure 3 MU of 50%-tile value
Observation 3: Almost the same MU for 100%-correlated case and assumption 1. Difference of 0.5dB-0.6dB is observed between 100%-correlated case and assumption 2.
Observation 4: Presence of noise will compress the width of CDF curve and reduce the STD of measured result. Mean error is very close to the SNR but slightly increased. Comparing the total MU for different noise level, they do not so much different from as expected from SNR because reduced STD compensates the impact from noise.
2.4.	Definition of MTSU for spherical coverage
In spite of the analysis in 2.1~2.3, we think the evaluation of degree of correlation and also guarantee that degree of correlation is impractical as it depends on the too many parameters, conditions and assumptions, such as stability of the parts, temperature, time separation between 2 measurements, path switching method depending on grid and it would even depend on the beam shape of the UE etc … Also, if degree of correlation is obtained by measurement, it already includes uncertainty. We need to remember that clear justification of MU is always required for the certification purpose from test labs as written in Annex F.1. Defining MTSU considering intermediate degree of correlation of MU among grids will make this justification hard.
The detailed measurement uncertainty report would contain the justification for each measurement uncertainty component and its value and distribution.
Observation 5 : Defining MTSU considering the intermediate degree of correlation between grids is not a realistic option because it is hard to evaluate and guarantee the degree of correlation with confidence 
With this reason, we propose to define the MTSU for EIRP spherical coverage based on the 100%-correlation of MU between grids.
Proposal 1 : MTSU for PC3 EIRP spherical coverage is defined for the variation of 50%-tile EIRP based on 100% correlation of MU between grids
Even though MTSU is defined for 100%-correlation of MU, TT can be defined based on non-100% correlation assumption based on the input from TE vendors on estimated (but not guaranteed) correlation of MU. 
Observation 6 : Even though MTSU is defined for 100%-correlation of MU, TT can be defined based on non-100% correlation assumption based on the input from TE vendors on estimated (but not guaranteed) degree of correlation for typical situation.

4.	Conclusion
Estimation of correlation of MU :
Observation 1 : Correlation of MU between grids depends on many parameters, conditions and assumptions. 
Observation 2 : From rough estimation, the correlation of MU between grids is close to 100% correlated rather than 0% correlated.
Preliminary evaluation: 
Observation 3: Almost the same MU for assumption 0 and assumption 1. Difference of 0.5dB-0.6dB is observed between assumption 0 and assumption 2.
Observation 4: Presence of noise will compress the width of CDF curve and reduce the STD of measured result. Mean error is very close to the SNR but slightly increased. Comparing the total MU for different noise level, they do not so much different from as expected from SNR because reduced STD compensates the impact from noise.
Definition of MTSU for EIRP spherical coverage:
Observation 5 : Defining MTSU considering the intermediate degree of correlation between grids is not a realistic option because it is hard to evaluate and guarantee the degree of correlation with confidence 
Proposal 1 : MTSU for PC3 EIRP spherical coverage is defined for the variation of 50%-tile EIRP based on 100% correlation of MU between grids
Observation 6 : Even though MTSU is defined for 100%-correlation of MU, TT can be defined based on non-100% correlation assumption based on the input from TE vendors on estimated (but not guaranteed) degree of correlation for typical situation.
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