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1.
Introduction

This document presents Nokia’s view on EIRP uncertainty contributions values for CATR. Furthermore, additional text on description of uncertainty contribution is proposed in section 3.
2.
Uncertainty contributions values

Table 1: Proposed CATR Far Field Uncertainty contributions values in AAS EIRP measurement
	UID
	Description of uncertainty contribution
	Standard uncertainty [dB]

	Stage 1, DUT measurement

	1
	Misalignment DUT & pointing error
	0

	2
	Measurement Receiver: uncertainty of the absolute level
	0.16

	3
	Standing wave between DUT and test range antenna
	0.3

	4
	RF leakage & dynamic range
	0

	5
	QZ ripple DUT
	0.08

	18
	Test system Frequency Flatness Uncertainty
	0.3

	19
	Miscellaneous Uncertainty
	0.2

	
	…
	…

	Stage 2, Calibration measurement

	6
	Uncertainty of network analyser


a) drift (temp, oscillators, filters, etc.) start to end time of   measurements
	0.15

	7
	Mismatch of receiver chain
	0.04

	8
	Insertion loss variation of receiver chain
	0.06

	9
	RF leakage & dynamic range
	0

	10
	Influence of the calibration antenna feed cable


a)
Flexing cables, adapters, attenuators, connector repeatability
	0

	11
	Uncertainty of the absolute gain of the calibration antenna
	0.23

	12
	Misalignment positioning system
	0.05

	13
	Misalignment of calibration antenna and test range antenna
	0.3

	14
	Rotary Joints
	0

	15
	Standing wave between reference calibration antenna and test range antenna
	0.15

	16
	Quality of quiet zone
	0.09

	17
	Measurement Receiver: uncertainty of the absolute level
	0.15

	20
	Switching Uncertainty
	0.15

	
	…
	…

	
	Combined standard uncertainty (1 σ)
	0.69

	
	Expanded uncertainty (2σ - confidence interval of 95%)
	1.38


3.
Text proposal
10.3.1.2.1 Compact Antenna Test Range

10.3.1.1.2.3 Uncertainty budget format
Table 10.3.1.1.2.3-1: CATR Far Field Uncertainty contributions in AAS EIRP measurement

	UID
	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

	1
	Misalignment DUT & pointing error
	B2-1

	2
	Measurement Receiver: uncertainty of the absolute level
	B2-2

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

	4
	RF leakage & dynamic range
	B2-4

	5
	QZ ripple DUT
	B2-5

	18
	Test system Frequency Flatness Uncertainty
	B2-13

	19
	Miscellaneous Uncertainty
	B2-14

	
	…
	…

	Stage 2, Calibration measurement

	6
	Uncertainty of network analyser


a) drift (temp, oscillators, filters, etc.) start to end time of   measurements
	B2-6

	7
	Mismatch of receiver chain
	B2-7

	8
	Insertion loss variation of receiver chain
	B2-8

	9
	RF leakage & dynamic range
	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
	B2-10

	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
	Measurement Receiver: uncertainty of the absolute level
	B2-2

	20
	Switching Uncertainty
	B2-15

	
	…
	…


Annex B Radiated transmit power measurement error contribution descriptions

B.2 Compact Antenna Test Range

B2-1 Misalignment DUT/calibration antenna & pointing error

This contribution denotes uncertainty in DUT/calibration antenna alignment and DUT/calibration antenna pointing error.  In this measurement the DUT/calibration antenna is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty.  By adjusting for maximums to align, this contribution can be considered negligible and therefore set to 0 if the measurement system is used for measuring the EIRP performance of single transmit channel frequency. However, calibration antenna´s phase center and polarization purity changes slightly according to the frequency. Therefore, there should be some uncertainty reserved for this.
B2-2 Measurement Receiver: uncertainty of the absolute level

The receiving device used to measure the received signal level in the EIRP tests either as an absolute level or as a relative level.  These receiving devices to name a few are spectrum analyzers, network analyzers or power meter.  These devices will have an uncertainty contribution of their own; this value declared by the test gear vendor should be recorded as this uncertainty contribution.  If a power meter is used then both measurement uncertainty and out of band noise is considered as part of the contribution.

B2-3 Standing wave between DUT and test range antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and test range antenna.  This value can be captured by moving the DUT towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.

B2-4 RF leakage & dynamic range

This contribute denotes noise leaking in to connectors and cables between test range antenna and receiving equipment.  

B2-5 QZ ripple DUT

This is the quiet zone ripple experienced by the DUT during the measurement phase.  The purpose of this component is to capture the contributions that the reflections from the walls, roof and floor that will add to the EIRP measurement.  The sum of all these reflections from the walls, range reflector (if applicable), roof and floor will give the overall value for the QZ ripple.  In other words, the uncertainty component from the wall will not be separated from the roof or the floor.  The purpose of this uncertainty component is to capture the overall reflections from the chamber walls experienced by the DUT

B2-6 Uncertainty of network analyser

a) drift (temp, oscillators, filters, etc.) start to end time of  measurements

This uncertainty includes the all uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer, and will be calculated from the manufacturer’s data in logs. This uncertainty also includes analyzer uncertainty for multi-polarization (2 or more ports) measured simultaneously.  
B2-7 Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
This uncertainty is the residual uncertainty contribution coming from multiple reflections between the receiving antenna and the test receiver equipment.  This value can be captured through measurement by measuring the S11 towards the receive antenna and also towards the test receiver.  The mismatch between the antenna reflection and the receiver reflection can also be calculated.  If the same cable is used for calibration stage, this can be considered systematic and negligible. 

B2-8 Insertion loss of receiver chain

This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable.  If this cable does not change/move between the calibration and the measurement stage, the uncertainty is assumed to be systematic and negligible during the measurement stage.  Alternatively, the insertion loss can also be calculated by taking the measurement of the cable where port 2 is the end of the cable connected to the DUT or calibration antenna.

IL = -20log10|S21| dB

B2-9 Influence of the calibration antenna feed cable


a)
Flexing cables, adapters, attenuators, [extra pathloss cable ] & connector repeatability

During the calibration phase this cable is used to feed the calibration antenna and any influence it may have upon the measurements is captured.  This is assessed by repeated measurements while flexing the cables and rotary joints.  The largest difference between the results is recorded as the uncertainty.  

B2-10 Uncertainty of the absolute gain of the calibration antenna
This uncertainty consists of the uncertainty of the gain value associated with the gain value denoted from the antenna calibration

B2-11 Misalignment positioning system

This contribution originates from uncertainty in sliding position and turn table angle accuracy.  If the calibration antenna is aligned to maximum this contribution can be considered negligible and therefore set to zero.

B2-12 Rotary Joints

If applicable the contribution of this uncertainty the accuracy in changing from azimuth to vertical measurements. 
B2-13 Test system Frequency Flatness Uncertainty
For wireless technologies with channel bandwidths more than 2 MHz, there is a likelihood that the test system used will not have a flat frequency response across the entire channel. While the range calibration corrects for any variation of frequency response as a function of the center frequency of the channel, the broadband power measured from one of these technologies will be a function of the entire channel bandwidth as opposed to just the center frequency. Thus, any deviation of the rest of the channel from the signal level at the center frequency will result in an error in the measured result.  
B2-14 Miscellaneous Uncertainty
The term 'miscellaneous uncertainty' is used to define all the unknown, unquantifiable, etc. uncertainties associated with EIRP measurements. This term should include truly random effects as well as systematic uncertainties, such as that arising from dissimilarity between the patterns of the reference antenna (SGH) and the DUT. 0.2dB is generally used value for uncertainty.

B2-15 Switching Uncertainty

The purpose of the switching unit is to switch electromechanically different RF path to different measurement instruments of different measurement modes. The electromechanical switching clearly reduces the errors arising from manual switching work. Switching is also used to measure the path loss values of each polarization component.  Even though the electromechanical switching is preferable during path loss and antenna performance measurements, some minor uncertainties can occur when the switch states are programmed to change their polarity.

