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1	Introduction
This document discusses uncertainty contributions in TRP measurements for in band TRP requirements in CATR chambers. It identifies a list of uncertainty contributors for computing the total measurement uncertainty.     

[bookmark: _MON_1249227490][bookmark: _MON_1282989596][bookmark: _MON_1282992763][bookmark: _MON_1283666811][bookmark: _MON_1290505886][bookmark: _MON_1248002274][bookmark: _MON_1248002336][bookmark: _MON_1290505889][bookmark: _MON_1230619646][bookmark: _MON_1230620479][bookmark: _MON_1230620585][bookmark: _MON_1230620596][bookmark: _MON_1230620632]2	Discussion
2.1 	Uncertainty budget format
The uncertainty budget format for EIRP measurement for CATR is outlined in TR 37.842, Section 10.3.1.1.3. The uncertainty budget for TRP measurement includes all EIRP uncertainty contributors and additional contributors attributed to TRP measurement as shown in Table 1. 
Table 1: CATR uncertainty budget format for TRP measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	B2-1

	2
	RF power measurement equipment
	E

	3
	Standing wave between DUT and test range antenna
	B2-3

	4
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	5
	QZ ripple DUT
	B2-5

	6
	Coarse sampling grid
	TBD

	7
	DUT offset from phase centre of axis of rotation
	TBD

	8
	Polarization alignment
	TBD

	9
	Test system frequency flatness
	TBD

	19
	Miscellaneous uncertainty
	B2-14

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	E

	7
	Mismatch of receiver chain
	B2-7

	8
	Insertion loss variation of receiver chain
	B2-8

	9
	RF leakage, (SGH connector terminated & test range antenna connector cable terminated)
	B2-4

	10
	Influence of the calibration antenna feed cable:
a)	Flexing cables, adapters, attenuators, connector repeatability
	B2-9

	11
	Uncertainty of the absolute gain of the calibration antenna
	E

	12
	Misalignment positioning system
	B2-11

	13
	Misalignment of calibration antenna and test range antenna
	B2-1

	14
	Rotary Joints
	B2-12

	15
	Standing wave between reference calibration antenna and test range antenna
	B2-3

	16
	Quality of quiet zone
	B2-5

	20
	Switching uncertainty
	B2-15




2.1.1	Coarse sampling grid
In Table 1, the sampling grid contributor is due to using a finite number of angular samples when measuring 3-D patterns of TRP. This uncertainty is the difference in the TRP as a result when performing the measurement with finite angular steps in the azimuth and elevation directions. In TR 37.843, the uncertainty is referred to as TRP systematic error and is given as  

TRPsyserr = | TRPEstimate – TRPreference |   (in dB)
where  for OTA far field measurement distance, 
and   for spherical equal angle grids.
The TRP systematic error is influenced by beam patterns for a given azimuth and elevation angular subinterval. If the sampling criteria outlined in Section 10.9.2, TR 37.843 are used to determine the azimuth and elevation angular subinterval, then the distribution of TRP systematic error for different beam patterns would follow normal distribution. 
2.1.2	DUT offset from phase centre of axis of rotation
FFS.
2.1.3	Polarization alignment
FFS.
2.1.4	Test system frequency flatness 
This uncertainty is due to variation of frequency response across the entire channel bandwidth. Any deviation of the rest of the channel form the signal level at the centre frequency will result in an error in the measured result. The error may be measured and corrected for, thereby minimizing the impact on measurement uncertainty. Where error correction is not possible or practical, the test chamber shall account for the total measurement uncertainty due to channel frequency response variation. Further details on the calculation of the error contribution is FFS.  


2.2	Uncertainty calculation
The uncertainty calculation for EIRP measurements for CATR is outlined in TR 37.842, Section 10.3.1.1.3. The proposed uncertainty calculation for TRP measurements is given in Table 2.
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	UID
	Uncertainty Source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz ≦ f < 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]
f ≦ 3GHz
	Standard uncertainty ui [dB]
3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment  DUT & pointing error
	0
	0
	Exp. normal
	2
	1 
	0
	0

	2
	
RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	 Gaussian
	1
	 1
	0.14
	0.26

	3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

	4
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	6
	Coarse sampling grid
	TBD
	TBD
	Normal
	1
	1
	TBD
	TBD

	7
	DUT offset from phase centre of axis of rotation
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	8
	Polarization alignment
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	9
	Test system frequency flatness
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.127
	0.325
	U-shaped
	√2
	1 
	0.09
	0.23

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

	9
	RF leakage, test range antenna cable connector terminated.
	0.0012
	0.0012
	Normal
	1
	1 
	0.0012
	0.0012

	10
	Influence of the calibration antenna feed cable
	0.022
	0.022
	U-shaped
	√2
	1
	0.015
	0.015

	11
	SGH Calibration uncertainty
	0.50
	0.433
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment  positioning system
	0
	0
	Exp. normal 
	2
	1
	0
	0

	13
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	14
	Rotary joints
	0.048
	0.048
	U-shaped
	√2
	1
	0.034
	0.034

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0.06  
	0.06  

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0.26
	0.26
	Rectangular
	√3
	1
	0.15
	0.15

	Combined standard uncertainty (1σ) [dB]


	TBD
	TBD

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


	TBD
	TBD


  
										
3	Conclusions
The document has discussed and identified a list of uncertainty contributors to calculating the total measurement uncertainty for TRP measurements in CATR chambers. The list of uncertainty contributors for TRP measurements is provided in Table 1 and their relationship with per point uncertainty contributors. The document also argues that the statistical distribution follows a normal distribution.
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