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1	Introduction
During the RAN4#AH-1807 meeting, the way forward on TRP systematic error and measurement uncertainty budget [1] was approved, which captured some agreements and a list of open issues to be addressed at the forthcoming meetings.

This document discusses measurement uncertainty contributions for OTA AAS BS maximum output power test requirement in CATR chambers. It introduces new uncertainty contributors in addition to the Rel-13 EIRP measurement uncertainty and provides a complete list of uncertainty budget. Finally, a value for the total measurement uncertainty is proposed. 
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2.1 	Uncertainty budget format
From the way forward [1], the following agreements were made:
Proposal 3: adopt Rel-13 EIRP MU as the MU per point for in band TRP test requirements (OTA BS maximum output power) for frequency ranges, f ≤ 3 GHz and 3 GHz < f ≤ 4.2 GHz
Proposal 5: in addition to the MU per point, consider to adopt the following uncertainty contributor and revise the existing CATR contributor “Misalignment DUT & pointing error”:
	Uncertainty contributor 
	Description

	Test system frequency flatness
	This uncertainty is coming from frequency interpolation error caused by a finite frequency resolution during the calibration stage.



	TRP uncertainty budget

	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
	[0.3]
	[0.3]
	Rectangular
	√3
	1
	[0.174]
	[0.174]

	9
	Test system frequency flatness
	[0.25]
	[0.25]
	Gaussian
	1
	1
	[0.25]
	[0.25]



Herein, we explain the rationale behind the above Proposal 5.  
Misalignment DUT & pointing error
The following geometric equation describes the expected error contribution resulting from polarization mismatch that this uncertainty needs to address  

A typical variation in polarization purity occurs at offset_angle = ±15° and the uncertainty is assumed to be rectangularly distributed. 

Test system frequency flatness
This uncertainty is coming from frequency interpolation error caused by using a finite frequency resolution during the calibration stage. Figure 1 shows the frequency response of two TCH traffic channels in the n77 band; the bandwidth of each channel is 100 MHz. As can be observed, the response is not flat across the entire bandwidth of the two TCH channels as compared with the ideal frequency response indicated by black lines. The green dot is the centre frequency of TCH channels and the red dot is the corresponding measured OTA path loss value which is normalized to the nominal reference. The difference between the two dots is the error in the OTA test system frequency flatness, which is dependent on the accuracy of the calibration stage and quality of the OTA system quiet zone.   

TCH Channel 
TCH Channel 
Normalized Channel Response (dB) 
Frequency (MHz) 
Figure 1: Frequency response 

If one single discrete frequency point (i.e., the middle frequency of the TCH) is used to compensate for the measured power value, then there is a power error measured at frequencies other than the middle frequency but it is dependent on the selected points. An infinite number of discrete frequency points are needed to obtain a power error  0 dB in OTA test system frequency flatness, which is not practical. Simulations were carried out to study the effect of the number of frequency points on error variations. Table 1 shows the simulation results with different discrete frequency points. As shown in the table, the maximum and minimum deviations with resepect to the ideal frequency response are 0.64 dB and 0.38 dB, respectively. The average error variation is approximately 0.5 dB and the median is 0.49 dB. It can be observed that 50% of the error variations are within ±0.5 dB for all the of the N=51 frequency points. Therefore, an error of 0.25 dB is assumed. This error is converted to a standard measurement uncertainty contribution using a Gaussion distribution. 
  



			Table 1: OTA Test system frequency flatness versus the number of frequency discrete points
	Number of discrete frequency points  during OTA calibration phase
               (N)
	n77 frequency band with 2 TCH channels

	
	OTA Test system frequency flatness 

	
	Bottom TCH Channel
	Middle TCH Channel

	1 (centre frequency)
	0.44
	0.46

	3 (30 MHz intervals)
	0.51
	0.59

	6 (20 MHz intervals)
	0.38
	0.60

	11 (10 MHz intervals)
	0.42
	0.58

	23 (4 MHz intervals)
	0.39
	0.64

	51 (2 MHz intervals)
	0.38
	0.64


 
The uncertainty budget format for Rel-13 EIRP measurement uncertainty for CATR is outlined in TR 37.842, Section 10.3.1.1.3. Referring to the agreed Proposal 3 in [1], the uncertainty budget for OTA AAS BS maximum output power test requirement includes all Rel-13 EIRP uncertainty contributors. 
With reference to the agreed Proposal 5 in [1], we propose to add the “Test system frequency flatness” contributor to the uncertainty budget for the OTA AAS BS maximum output power as shown in Table 2. 
Table 2: CATR uncertainty budget format for OTA AAS BS maximum output power

	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

	18
	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

	17
	Switching uncertainty
	B2-15




2.2	Uncertainty calculation
The uncertainty calculation for OTA BS maximum output power is given in Table 3. All of the uncertainty contributors except “Test system frequency flatness” are adopted from Rel-13 EIRP measurements for CATR outlined in TR 37.842, Section 10.3.1.1.3. The value of the “Misalignment DUT & pointing error” will be updated based on the outcome of the above analysis.
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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
	0.3
	0.3
	Rectangular
	√3
	1 
	0.174
	0.174

	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

	TBD
	Test system frequency flatness
	0.25
	0.25
	Gaussian
	1
	1
	0.25
	0.25

	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]


	0.59
	0.67


  
According to the agreed Proposal 4 in [1], the total uncertainty  is calculated as 
, where
 which is given in Table 3 and  = 0.75 dB.

The total uncertainty values are given in Table 4. 



Table 4: CATR total uncertainty calculation for OTA AAS BS maximum output power
	
	Uncertainty value [dB]
f ≤ 3 GHz 
	Uncertainty value [dB]
3 GHz < f ≤ 4.2 GHz

	, 
	0.59
	0.67

	
	0.75
	0.75

	Total uncertainty,  [dB]
	0.96
	1.00

	95% confidence interval, total uncertainty
 [dB]
	1.88
	1.96



										
3	Conclusions
The document has discussed measurement uncertainty contributions for OTA AAS BS maximum output power test requirement in CATR chambers. In addition to the Rel-13 EIRP measurement uncertainty contributors, one new uncertainty contributor so-called “Test system frequency flatness” is added to the list of uncertainty budget. The total measurement uncertainty values are as follows:

	
	Uncertainty value [dB]
f ≤ 3 GHz 
	Uncertainty value [dB]
3 GHz < f ≤ 4.2 GHz

	, 
	0.59
	0.67

	
	0.75
	0.75

	Total uncertainty,  [dB]
	0.96
	1.00

	95% confidence interval, total uncertainty
 [dB]
	1.88
	1.96
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