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1. Introduction
During the RAN4#78 in Malta, the description, procedure, and uncertainty contribution factors for EIRP measurement with Indoor Anechoic Chamber was presented and approved [1]. According to the agreed conformance test framework in subclause 10.1 of the TR [2], the next step is to determine the uncertainty budget of the method in order to finally determine an overall acceptable test tolerance for the EIRP measurement. 
The procedure for forming the uncertainty budget was agreed as follows [3]:
 -------------------------------------------------- Start of the citation -----------------------------------------------------
1)	Compile lists of individual uncertainty contributions for EIRP/EIS measurement both in Stage 1 and Stage 2.
2)	Determine the standard uncertainty of each contribution by
a)	Determining the distribution of the uncertainty (Gaussian, U-shaped, rectangular, etc.)
b)	Determining the maximum value of each uncertainty (unless the distributions is Gaussian)
c)	Calculating the standard uncertainty by dividing the uncertainty by  if the distribution is U-shaped, by 2 if the distribution exponentially normal and by  if the distribution is rectangular.
3)	Convert the units into decibel, if necessary.
4)	Combine all the standard uncertainties by the Root of the Sum of the Squares (RSS) method.
5)	Combine the total uncertainties in Stage 1 and Stage 2 also by the RSS method: .
6)	Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level: 1.96 * .
-------------------------------------------------- End of the citation -----------------------------------------------------
This contribution proposes a TP to add the uncertainty value to the EIRP measurement with Indoor Anechoic Chamber following the above procedure.
2. Discussion
The table below is the proposed values (dB) from SEI and NTT DOCOMO on the uncertainty of each contribution factor of the EIRP measurement with Indoor Anechoic Chamber. The final expanded uncertainty (1.96σ - confidence interval of 95%) can be determined from the proposed values as 1.79dB.
Table 1 Proposed uncertainty value of the EIRP measurement with Indoor Anechoic Chamber
	UID
	Description of uncertainty contribution
	Uncertainty distribution
	Maximum value of the uncertainty
	Divisor
	Standard uncertainty

	Stage 1, DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	Rectangular
	0.03
	
	0.02

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	Rectangular
	Horizontal: 0.31
Vertical: 0.21
	
	0.22

	3
	Quality of quiet zone
	Gaussian
	Not applicable
	Not applicable
	0.10

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	Rectangular
	0.01
	
	0.01

	5
	Mutual coupling between the AAS BS and the receiving antenna
	Rectangular
	0
	
	0.00

	6
	Phase curvature
	Gaussian
	Not applicable
	Not applicable
	0.05

	7
	Uncertainty of the measurement equipment
	Rectangular
	0.8
	
	0.46

	Stage 2, Calibration measurement

	8
	Impedance mismatch in the receiving chain
	U-shaped
	0
	
	0.00

	9
	Positioning and pointing misalignment of the reference antenna and the receiving antenna
	Rectangular
	0.01
	
	0.01

	10
	Impedance Mismatch at the reference antenna and RF signal source generator connection.
	U-shaped
	0.45
	
	0.32

	11
	Quality of quiet zone
	Gaussian
	Not applicable
	Not applicable
	0.10

	12
	Polarization mismatch for reference antenna
	Rectangular
	0.01
	
	0.01

	13
	Mutual coupling between the reference antenna and the receiving antenna
	Rectangular
	0
	
	0.00

	14
	Phase curvature 
	Gaussian
	Not applicable
	Not applicable
	0.05

	15
	Uncertainty of the measurement equipment
	Rectangular
	0.78
	
	0.45

	16
	Uncertainty of the RF signal source generator
	Rectangular
	0.8
	
	0.46

	17
	Influence of the reference antenna feed cable
	a)	Flexing cables, adapters, attenuators, connector repeatability
	Rectangular
	0.04
	
	0.03

	18
	Influence of the receiving antenna feed cable
	a)	Flexing cables, adapters, attenuators, connector repeatability
	Rectangular
	0.04
	
	0.03

	19
	Uncertainty of the absolute gain of the reference antenna
	Rectangular
	0.3
	
	0.17

	20
	Uncertainty of the absolute gain of the receiving antenna
	Rectangular
	0
	
	0.00

	Combined standard uncertainty (1 σ)
	0.91

	Expanded uncertainty (1.96σ – confidence interval of 95%)
	1.79



As can be seen from the table, the dominant contribution factors to the uncertainty are pointing misalignment (UID-2) and the measurement equipment uncertainty (UID-7) at the DUT measurement stage, and are impedance mismatch at the transmit side (UID-10), uncertainty of the measurement equipment (UID-15), uncertainty of the RF signal source generator (UID-16), and uncertainty of the absolute gain of the reference antenna (UID-19) at the calibration stage. In the following, the rationale for the proposed value of these dominant factors is discussed. 
· Pointing misalignment at the DUT measurement stage (UID-2)
Description: This contribution factor originates from the misalignment of the testing direction and the beam peak direction of the receiving antenna due to imperfect rotation operation [1].
The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the AAS under test. The same level of misalignment results in a larger measurement error for a narrower beam. To determine the uncertainty value, the following antenna array model is adopted as in the TR [2]. 

Horizontal radiation pattern:  

Vertical radiation pattern: , SLAv =30 dB
Taking in account that beamforming is one of the most promising applications of AAS BS where a narrow beam can be expected, we assume a 45 degree 3dB horizontal beamwidth and a 5 degree 3dB vertical beamwidth to calculate the uncertainty value. Empirically, the pointing misalignment can be controlled under ±0.4 degree in the vertical direction and ±3 degree in the horizontal direction. The maximum value of uncertainty can then be calculated as 0.21dB in the horizontal direction and 0.31dB in the vertical direction, which leads to a combined standard uncertainty equal to 0.22dB. The calculation conditions are summarized in the following table. 
Table 2 Conditions to calculate the pointing misalignment uncertainty
	
	Assumed 3dB beamwidth (degree)
	Empirical pointing error (degree)
	Maximum value of uncertainty
	Standard uncertainty

	Horizontal
	45
	±3
	0.21
	0.12

	Vertical
	5
	±0.4
	0.31
	0.18

	Combined
	0.22



· Uncertainty of the measurement equipment  (UID-7&15)
Description: The measurement equipment to name a few is network analyzer, spectrum analyzers, or power meter.  These devices will have an uncertainty contribution of their own. If a power meter is used then both measurement uncertainty and out of band noise is considered as part of the contribution [1].
According to the datasheet of mid-range Spectrum Analyzers, the maximum value of uncertainty is 0.8 for modulated signal (at the measurement stage) and 0.78 for CW (at the calibration stage). 
· Impedance Mismatch at the reference antenna and RF signal source generator connection  (UID-10)
Description: This uncertainty is the residual uncertainty contribution coming from multiple reflections between the reference antenna and RF signal source generator.  This value can be captured through measurement by measuring the S11 towards the reference antenna and also towards the RF signal source generator [1].  
The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. This will cause the loss of the combination to be higher or lower than their simple loss, that is, the sum of their individual mismatch losses that would be measured when they are separately connected between generator and load. The amount by which the actual loss differs from the simple loss is called the mismatch error and leads to the measurement uncertainty.
To evaluate the mismatch error, we assume the setup at the transmit side as shown in Fig. 1, which consists of a signal generator, a coaxial cable, a Coax-to-Waveguide adapter, and a standard gain horn antenna, where the reflection of the cable is considered to be negligible. The mismatch error can be calculated with the following formula. 
Mismatch error = 20log(|(1-ΓSGΓadapter ) (1-ΓadapterΓhorn )- ΓSGΓhornΓadapter^2|)
where Γdenotes individual reflection coefficient. 
[image: ]
Fig.1 Setup example at the transmit side at the calibration stage
The maximum value of uncertainty 0.45dB given in table 1 is the mismatch error calculated with individual VSWR as given in Table 3 obtained from manufacture’s datasheet. 
Table 3 Individual VSWR from datasheet
	
	SG
	Adapter
	Horn antenna

	VSWR
	1.7:1
	1.25:1
	1.5:1



· Uncertainty of the RF signal source generator  (UID-16)
Description: RF signal source generator to name a few is signal generator or network analyzer.  These devices will have an uncertainty contribution of their own [1].
The value 0.8 given in Table 1 is from the datasheet of mid-range Signal Generators. 
· Uncertainty of the absolute gain of the reference antenna  (UID-19)
Description: This uncertainty consists of the uncertainty of the gain value associated with the gain value declared by the manufacture at the calibration stage [1].
The value 0.3 given in Table 1 is from the manufacture’s datasheet.
3. Conclusion
This contribution proposed the uncertainty values to the EIRP measurement with Indoor Anechoic Chamber and discussed the rationale for the proposed values of dominant contribution factors. The final expanded uncertainty (1.96σ - confidence interval of 95%) was determined from the proposed values as 1.79dB. A related TP is proposed in the following. 
4. Text Proposal:
TR37.842 v2.0.0
--------------Start of text proposal-------------
10.3.1.1.1.4 Uncertainty assessment
Table 10.3.1.1.1.4-1: EIRP measurement uncertainty with the Indoor Anechoic Chamber
	UID
	Description of uncertainty contribution
	Uncertainty distribution
	Maximum value of the uncertainty
	Divisor
	Standard uncertainty

	Stage 1, DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	Rectangular
	0.03
	
	0.02

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	Rectangular
	Horizontal: 0.31
Vertical: 0.21
	
	0.22

	3
	Quality of quiet zone
	Gaussian
	Not applicable
	Not applicable
	0.10

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	Rectangular
	0.01
	
	0.01

	5
	Mutual coupling between the AAS BS and the receiving antenna
	Rectangular
	0
	
	0.00

	6
	Phase curvature
	Gaussian
	Not applicable
	Not applicable
	0.05

	7
	Uncertainty of the measurement equipment
	Rectangular
	0.8
	
	0.46

	Stage 2, Calibration measurement

	8
	Impedance mismatch in the receiving chain
	U-shaped
	0
	
	0.00

	9
	Positioning and pointing misalignment of the reference antenna and the receiving antenna
	Rectangular
	0.01
	
	0.01

	10
	Impedance Mismatch at the reference antenna and RF signal source generator connection.
	U-shaped
	0.45
	
	0.32

	11
	Quality of quiet zone
	Gaussian
	Not applicable
	Not applicable
	0.10

	12
	Polarization mismatch for reference antenna
	Rectangular
	0.01
	
	0.01

	13
	Mutual coupling between the reference antenna and the receiving antenna
	Rectangular
	0
	
	0.00

	14
	Phase curvature 
	Gaussian
	Not applicable
	Not applicable
	0.05

	15
	Uncertainty of the measurement equipment
	Rectangular
	0.78
	
	0.45

	16
	Uncertainty of the RF signal source generator
	Rectangular
	0.8
	
	0.46

	17
	Influence of the reference antenna feed cable
	a)	Flexing cables, adapters, attenuators, connector repeatability
	Rectangular
	0.04
	
	0.03

	18
	Influence of the receiving antenna feed cable
	a)	Flexing cables, adapters, attenuators, connector repeatability
	Rectangular
	0.04
	
	0.03

	19
	Uncertainty of the absolute gain of the reference antenna
	Rectangular
	0.3
	
	0.17

	20
	Uncertainty of the absolute gain of the receiving antenna
	Rectangular
	0
	
	0.00

	Combined standard uncertainty (1 σ)
	0.91

	Expanded uncertainty (1.96σ – confidence interval of 95%)
	1.79



--------------End of text proposal-------------
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