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1.
Introduction
Last meeting in Seoul (RAN4#71) a contribution related to conformance testing was presented [1]. The contribution elaborates on relations between RF core requirement, test tolerances, test requirement and measurement uncertainty. The discussion was fruitful, however more discussions is need before RAN4 can conclude on the relations between RF core requirements and test requirements. 

Before deciding on any RF test method it is vital to conclude on the measurement uncertainty. This contribution presents a concept for estimating measurement uncertainty for OTA test methods. The concept is influenced by the NIST 18-point list for uncertainties used for near-field scanner based testing [2]. The concept is currently used in the industry for uncertainty estimations required for evaluating test methods for aeronautical and military communication and radar systems. Also a similar concept is currently used for UE OTA testing in 3GPP TS 34.114 [3].
2.
Discussion
In TS 34.114, Annex E a concept for estimation of measurement uncertainty is described. The outcome is shown in tables in annex E.27, E.28, E.29 and E.30 for measurement uncertainty related to UE TRP/TRS for both anechoic chamber and reverberations chamber. The concept is based on uncertainty budget calculation where uncertainty contributions are added together in a way handling statistical properties properly. It is relevant for each method and requirement to capture contributions associated with the calibration of the test range. Also it is important to quantify the quality of the ripple in the chamber. This will give performance information about the quiet zone, where the test object is placed when the measurement is performed.
It is suggested to adopt the uncertainty estimation concept found in Annex E in 34.114 and translates it for EIRP and EIS for directive AAS BS. This means that for each requirement and test method a complete measurement uncertainty budget is required for a proper estimation.

Keeping the estimation framework in Annex E in mind, the EIRP/EIS measurement procedure for AAS BS can be considered to include two main phases. 
In phase 1 the test range is calibrated. This means that all unknown variables, such as cable losses, probe antenna, propagation loss are determined. Typically this is done by using a reference antenna (often referred to as a Standard Gain Horn). The reference antenna is placed in the test object position and the test setup is calibrated with a network analyser as showed in Figure 2.1. The characteristics of the reference antenna are known in terms of absolute gain and gain uncertainty at frequencies of interest.  
In phase 2 the actual measurement of the specific figure of merit is performed. The test object is placed on the positioner and the reference antenna is removed. A measurement receiver is connected to the probe antenna via a coaxial cable as showed in Figure 2.2.
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Figure 2.1: Phase 1, Test range calibration

           Figure 2.2: Phase 2, Measurement
In phase 2 the test object is configured to transmit a beam which is of interest for the measurement. A probe antenna mounted at the far side of the antenna range receives the signal carried by the beam. The signal power level is measured by a signal analyser or power meter. By using information obtained from the calibration in phase 1 the EIRP level can be measured. Observe that the measure power level must be adjusted by a calibration factor.
EIRP can be measured using different types of test methods. So far in-door/out-door far-field, near-field scanner based and Compact Antenna Test Range (CATR) have been mentioned in the AAS WI discussion. For each combination of radiated requirement and measurement method the uncertainty estimation is required. For a test method to be adopted, RAN4 needs to agree on test methods with established measurement uncertainty estimations. 
Since both radiated output power and radiated receiver sensitivity are absolute characteristics the calibration of used test method critical for measurement uncertainty. The relative power values of the measurement point will be transformed to absolute radiated power values (in dBm) by performing a calibration measurement. The calibration measurement is done by using a reference antenna with known gain. In the calibration measurement the reference antenna is measured in the same place as the test object, and the attenuation of the complete transmission path from the test object to the measurement receiver is calibrated out. The gain of the reference antenna shall be known at the frequency bands in which the calibrations are performed. Recommended calibration antenna for a far-field test range is a Standard Gain Horn (SGH). A network analyser is recommended to be used to perform the calibration measurement. The calibration is performed individually for orthogonal polarizations, all transmission paths and all frequencies used in the testing. The principle is based on the use of calibration/substitution antennas presenting a gain known with a sufficient accuracy in the measurement bandwidth. Such a calibration antenna is placed on the positioner at the exact test object location. 

For an EIRP measurement using a far-field test range the following uncertainty contributions have been identified. It is to RAN4 to decide and agree upon which contributions to be included for each test method. In Table 2.1 an example list for a traditional far-field test range is showed.
The calculation of the uncertainty contribution is based on the ISO Guide to the expression of uncertainty in measurement and influenced by TS 34.114, annex E.

Table 2.1: Uncertainty contributions in an EIRP measurement

	Description of uncertainty contribution

	Measurement

	1)
Mismatch of receiver chain (i.e. between probe antenna and measurement receiver)

	2)
Insertion loss of receiver chain

	3)
Influence of the probe antenna cable

	4)
Uncertainty of the absolute antenna gain of the probe antenna

	5)
Measurement Receiver: Uncertainty of the absolute level

	6) Measurement distance:


a)
offset of test object phase centre from axis(es) of rotation


b)
mutual coupling between the test object and the probe antenna


c)
phase curvature across the test object

	7)
Quality of quiet zone

	8)
Test object TX-power drift

	Test range calibration

	9)
Uncertainty of network analyser

	10)
 Mismatch of receiver chain

	11)
 Insertion loss of receiver chain

	12)
 Mismatch in the connection of calibration antenna

	13)
 Influence of the calibration antenna feed cable

	14)
 Influence of the probe antenna cable

	15)
 Uncertainty of the absolute gain of the probe antenna

	16) Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna

	17)
 Measurement distance:


a)
Offset of calibration antenna’s phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna

	18)
 Quality of quiet zone


The procedure of forming the uncertainty budget in EIRP measurement is:

1)
Compile lists of individual uncertainty contributions for EIRP measurement both in phase 1  and phase 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 
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  if the distribution is U-shaped, and by 
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 if the distribution is rectangular.
3)
Convert the units into logarithmic scale, 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 phase 1 and phase 2 also by the RSS method: 
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6)
Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level: 
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For active measurement of EIRP on an AAS BS in a far-field test range the uncertainty contributions listed in Table 2.1 are relevant. Several individual uncertainties are common in phase 1 and phase 2 and therefore cancel.  In Table 1.2 an uncertainty budget is created as an example for a typical far-field test range. Note that values for individual uncertainties are not provided. Further analysis and discussion is required before it is relevant to discuss individual uncertainty values. The distribution type is mapped out for different contributions as a starting point. 

Table 1.2: Example of uncertainty budget for EIRP measurement

	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Phase 1 (Measurement)

	1)
Mismatch of receiver chain 
	
	
	U
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	1
	

	2)
Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	
	R
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	1
	

	3)
Influence of the probe antenna cable
	Systematic with Stage 2 (=> cancels)
	
	R
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	1
	

	4)
Absolute antenna gain of the probe antenna
	Systematic with Stage 2 (=> cancels)
	
	R
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	1
	

	5)
Measurement Receiver: uncertainty of the absolute level
	Power Meter or Signal Analyser
	
	R
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	1
	

	6)
Measurement distance


a)
Offset of test object phase centre
	
	
	R
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	1
	

	7)
Quality of quiet zone
	Standard deviation of E-field in QZ measurement
	
	N
	1
	1
	

	8)
Test object TX-power drift
	Drift
	
	R
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	1
	

	Phase 2 (Calibration)

	9)
Uncertainty of network analyser
	Manufacturer’s uncertainty calculator, covers whole network analyser setup
	
	R
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	1
	

	10)
Mismatch of measurement receiver chain
	Taken in to account in network analyser setup uncertainty 
	
	U
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	1
	

	11)
Insertion loss of measurement receiver chain
	Systematic with Stage 1 (=> cancels)
	
	R
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	1
	

	12)
Mismatch in the connection of reference antenna
	Taken in to account in network analyser setup uncertainty
	
	U
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	1
	

	13)
Influence of the feed cable of the reference antenna
	Gain calibration with a dipole
	
	R
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	1
	

	14)
Influence of the probe antenna cable
	Systematic with Stage 1 (=> cancels)
	
	R
	
[image: image19.wmf]3


	1
	

	15)
Uncertainty of the absolute gain of the probe antenna
	Systematic with Stage 1 (=> cancels)
	
	R
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	1
	

	16)
Uncertainty of the absolute gain of the reference  antenna
	Calibration certificate on SGH
	
	R
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	1
	

	17)
Measurement distance:

-
Reference  antenna’s displacement and misalignment 
	
	
	R
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	1
	

	18)
Quality of quiet zone
	Standard deviation of e-field in QZ measurement, Gain calibration
	
	N
	1
	1
	

	Combined standard uncertainty
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	Expanded uncertainty (Confidence interval of 95 %)
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A similar list with uncertainty contribution exists for EIS measurement in a far-field test range. Such a list is out of scope of this contribution. 
The drawback of far-field test range is the required size; however it is reasonable to believe that the table presented in this contribution easily can be adopted for compact antenna test rage or other potential methods.
3.
Conclusion

The measurement uncertainty associated with a test method must be known before RAN4 can adopt any test method for AAS BS conformance testing. In this contribution a framework for finding the uncertainty for an OTA test method have been presented. The concept is based on work done for OTA UE conformance testing and work done at NIST.
An uncertainty contribution list for EIRP is presented as a starting point for coming work.
In the conformance test specification for AAS BS is suggested that a test method shall be described in terms of test setup and procedure together with proper uncertainty estimation. 
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