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1. Introduction

During RAN4 Ad Hoc 1801, a work plan is proposed [1] for studying alternative testing methodologies for 5G NR UE type of tests at mmWave. 
This contribution provides a full list of uncertainty contributors for an alternative testing methodology such a Compact Antenna Test Range (CATR). 
2.        Uncertainty contributors
In table 1, and 2 the list of uncertainty contributors for a CATR is provided for EIRP/TRP and EIS/TIS type of measurements respectively:
Table 1: CATR Uncertainty contributors for EIRP/TRP measurements
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement
	 

	1
	Misalignment DUT & pointing error
	2-1

	2
	RF power measurement equipment (either RCT or Spectrum Analyzer)
	2-2

	3
	Standing wave between DUT and measurement antenna
	2-3

	4
	Mismatch of receiver chain
	2-4

	5
	Insertion loss variation of receiver chain
	2-5

	6
	RF leakage (from measurement antenna to receiver)
	2-6

	7
	Amplifier Uncertainties
	2-7

	8
	Quality of Quiet Zone
	2-8

	9
	Miscellaneous uncertainty - Repeatability
	2-9

	Stage 1: Calibration measurement

	10
	Uncertainty of network analyzer
	2-10

	11
	Mismatch of receiver chain
	2-11

	12
	Insertion loss variation of receiver chain
	2-12

	13
	RF leakage (from measurement antenna to receiver)
	2-6

	14
	Amplifier Uncertainties
	2-7

	15
 
	Influence of the calibration antenna feed cable:

a) Flexing cables, adapters, attenuators, connector repeatability
	2-13

	
	
	

	16
	Uncertainty of the absolute gain of the calibration antenna
	2-14

	17
	Misalignment positioning system
	2-15

	18
	Misalignment of calibration antenna and measurement antenna
	2-16

	19
	Standing wave between reference calibration antenna and measurement antenna
	2-17

	20
	Effect of the signal level ripple on calibration measurement
	2-18


Table 2: CATR Uncertainty contributors for EIS/TIS measurements

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement
	 

	1
	Misalignment DUT & pointing error
	2-1

	2
	RF power source equipment (either RCT or RF sig gen)
	2-2

	3
	Standing wave between DUT and measurement antenna
	2-3

	4
	Mismatch of transmitter chain
	2-4

	5
	Insertion loss variation of transmitter chain
	2-5

	6
	RF leakage (from transmitter to measurement antenna)
	2-6

	7
	Amplifier Uncertainties
	2-7

	8
	Quality of Quiet Zone
	2-8

	9
	Miscellaneous uncertainty - Repeatability
	2-9

	Stage 1: Calibration measurement

	10
	Uncertainty of network analyzer
	2-10

	11
	Mismatch of transmitter chain
	2-11

	12
	Insertion loss variation of transmitter chain
	2-12

	13
	RF leakage (from transmitter to measurement antenna)
	2-6

	14
	Amplifier Uncertainties
	2-7

	15
 
	Influence of the calibration antenna feed cable:

a) Flexing cables, adapters, attenuators, connector repeatability
	2-13

	
	
	

	16
	Uncertainty of the absolute gain of the calibration antenna
	2-14

	17
	Misalignment positioning system
	2-15

	18
	Misalignment of calibration antenna and measurement antenna
	2-16

	19
	Standing wave between reference calibration antenna and measurement antenna
	2-17

	20
	Effect of the signal level ripple on calibration measurement
	2-18


2-1
Misalignment DUT and Pointing Error
In this measurement the DUT is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty. By adjusting for maximums to align, this contribution can be a small contribution. To ensure that the point error is at a minimal, this contribution should be captured using the antenna pattern cut which is broadest. 
2-2
RF Power Measurement Equipment (RCT, Spectrum Analyzer, etc…)
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 analyzer, network analyzer or power meter. These devices will have an uncertainty contribution of their own; this value declared by the test equipment vendors 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.
2-3
Standing wave between DUT and measurement antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and measurement antenna. This value can be captured by sliding (lambda/4) the DUT towards the measurement antenna as the standing waves go in and out of phase causing a ripple in measured gain. DUT scattering/interaction can also cause standing wave.

2-4
Mismatch of receiver chain
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 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 chain configuration (including the measurement receiver; the probe antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant ( 0.00dB value.

If it is not the case, this uncertainty contribution has to be taken into account and should be measured or determined by the method described in [3] 

2-5
Insertion loss variation 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 Stage 1 and the measurement Stage 2, the uncertainty is assumed to be systematic and negligible during the measurement stage. 

2-6
RF leakage (from measurement antenna to receiver)
This contribution denotes noise leaking in to connector and cable(s) between measurement antenna and receiving equipment. The contribution also includes the noise leakage between the connector and cable(s) between reference antenna and transmitting equipment for the calibration phase.
2-7
Amplifier Uncertainties
Any components in the setup can potentially introduce measurement uncertainty. It is then needed to determine the uncertainty contributors associated with the use of such components. For the case of external amplifiers, the following uncertainties should be considered but the applicability is contingent to the measurement implementation and calibration procedure.

-
Stability

-
An uncertainty contribution comes from the output level stability of the amplifier. Even if the amplifier is part of the system for both measurement and calibration, the uncertainty due to the stability shall be considered. This uncertainty can be either measured or determined by the manufacturers’ data sheet for the operating conditions in which the system will be required to operate.

-
Linearity

-
An uncertainty contribution comes from the linearity of the amplifier since in most cases calibration and measurements are performed at two different input/output power levels. This uncertainty can be either measured or determined by the manufacturers’ data sheet.

-
Noise Figure

-
When the signal goes into an amplifier, noise is added so that the SNR at the output is reduced with regard to the SNR of the signal at the input. This added noise introduces error on the signal which affects the Error Rate of the receiver thus the EVM (Error Vector Magnitude). An uncertainty can be calculated through the following formula:
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-
Where SNR is the signal to noise ratio in dB at the signal level used during the sensitivity measurement. 

-
Mismatch

-
If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated with it can be considered systematic and constant -> 0dB. If it is not the case, the mismatch uncertainty at its input and output shall be either measured or determined by the method described in [12].

-
Gain

-
If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated with it can be considered systematic and constant -> 0dB. If it is not the case, this uncertainty shall be considered.
2-8
Quality of Quiet Zone
This is the quiet zone (QZ) ripple experienced by the DUT/SGH during the measurement or calibration phase respectively. 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/SGH.
2-9
Miscellaneous uncertainty - Repeatability
The term 'miscellaneous uncertainty' is used to define all the unknown, unquantifiable, etc. uncertainties associated with EIRP measurements. Repeatability when doing EIRP measurement is one of the uncertainty term associated with that.
2-10
Uncertainty of network analyzer
This uncertainty includes all the uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer, and will be calculated from the manufacturer's data sheet. This uncertainty also includes analyzer uncertainty for multi-polarization (2 or more ports) measured simultaneously.
2-11
Mismatch of receiver chain
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 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 chain configuration (including the measurement receiver; the probe antenna and other elements) is used in both stages, the uncertainty is considered systematic and constant ( 0.00dB value.

If it is not the case, this uncertainty contribution has to be taken into account and should be measured or determined by the method described in [4] 

2-12
Insertion loss variation 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 Stage 1 and the measurement Stage 2, the uncertainty is assumed to be systematic and negligible during the measurement stage. 

2-13
Influence of the calibration antenna feed cable ( Flexing cables, adapters, attenuators, connector repeatability)
During the calibration phase this cable is used to feed the calibration antenna (SGH) 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.
2-14
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 calibration antenna (SGH). This uncertainty value can be found in calibration test report.

2-15
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.
2-16
Misalignment of calibration antenna 
In this measurement the calibration antenna (SGH) is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty. By adjusting for maximums to align, this contribution can be a small contribution. To ensure that the point error is at a minimal, this contribution should be captured using the antenna pattern cut which is broadest. 

2-17
Standing wave between reference calibration antenna and measurement antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between SGH and measurement antenna. This value can be captured by sliding (lambda/4) the SGH towards the measurement antenna as the standing waves go in and out of phase causing a ripple in measured gain. SGH scattering/interaction can also cause standing wave.
2-18
Effect of the signal level ripple on calibration measurement

The calibration measurement can suffer of the effect of the signal level ripple within the QZ. Basically, this effect and hence the associated standard uncertainty would depend on the physical characteristics of the used reference antenna, and can be estimated by using the following formula:
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This uncertainty is considered to be rectangular distributed so that the standard uncertainty is calculated by dividing the uncertainty by [image: image3.png]


.
In table 3, 4 the distribution of the probability, divisor and standard uncertainty is also provided for the uncertainty sources in table 1, and 2:
Table 3: CATR Measurement Uncertainty for EIRP/TRP Measurement
	UID
	Uncertainty Source
	Uncertainty value

xGHz ≦ f < yGHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

xGHz < f ≦ y GHz

	Stage 1 DUT Measurement

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

	2
	RF power measurement equipment (e.g. RCT, spectrum analyzer)
	TBD
	 Gaussian
	1
	 1
	TBD

	3
	Standing wave between DUT and Measurement antenna
	TBD
	U-shaped
	√2
	1 
	TBD

	4
	Mismatch of receiver chain
	TBD
	U-shaped
	√2
	1 
	TBD

	5
	Insertion Loss of receiver chain
	TBD
	Rectangular
	√3
	1
	TBD

	6
	RF leakage (from measurement antenna to receiver)
	TBD
	Normal
	1
	1 
	TBD

	7
	Amplifier Uncertainties
	TBD
	Normal
	1
	1
	TBD

	8
	Quality of the Quiet Zone
	TBD
	Normal 
	1
	1
	TBD

	9
	Miscellaneous uncertainty - Repeatability
	TBD
	Normal
	1
	1
	TBD

	Stage 2 Calibration Measurement

	10
	Uncertainty of Network Analyzer
	TBD
	Normal
	1
	1
	TBD

	11
	Mismatch of receiver chain
	TBD
	U-shaped
	√2
	1 
	TBD

	12
	Insertion loss variation in receiver chain
	TBD
	Rectangular
	√3
	1
	TBD

	13
	RF leakage (from measurement antenna to receiver)
	TBD
	Normal
	1
	1 
	TBD

	14
	Amplifier Uncertainties
	TBD
	Normal
	1
	1
	TBD

	15
	Influence of the calibration antenna feed cable
	TBD
	U-shaped
	√2
	1
	TBD

	16
	Uncertainty of the absolute gain of the calibration antenna
	TBD
	Rectangular
	√3
	1
	TBD

	17
	Misalignment  positioning system
	TBD
	Exp. normal 
	2
	1
	TBD

	18
	Misalignment  of calibration antenna and measurement antenna
	TBD
	Exp. normal
	2
	1
	TBD

	19
	Standing wave between reference calibration antenna and measurement antenna
	TBD
	U-shaped
	√2
	1 
	TBD  

	20
	Effect of signal level ripple on calibration measurement
	TBD
	rectangular
	√3
	1
	TBD


	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]

[image: image5.wmf]c

e

u

u

96

.

1

=


	TBD
	TBD


Table 4: CATR Measurement Uncertainty for EIS/TIS Measurement
	UID
	Uncertainty Source
	Uncertainty value

xGHz ≦ f < yGHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

xGHz < f ≦ y GHz

	Stage 1 DUT Measurement

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

	2
	RF power source equipment (e.g. RCT, RF sig.gen)
	TBD
	 Gaussian
	1
	 1
	TBD

	3
	Standing wave between DUT and Measurement antenna
	TBD
	U-shaped
	√2
	1 
	TBD

	4
	Mismatch of transmitter chain
	TBD
	U-shaped
	√2
	1 
	TBD

	5
	Insertion Loss of transmitter chain
	TBD
	Rectangular
	√3
	1
	TBD

	6
	RF leakage (from transmitter to measurement antenna)
	TBD
	Normal
	1
	1 
	TBD

	7
	Amplifier Uncertainties
	TBD
	Normal
	1
	1
	TBD

	8
	Quality of the Quiet Zone
	TBD
	Normal 
	1
	1
	TBD

	9 
	Miscellaneous uncertainty - Repeatability
	TBD
	Normal
	1
	1
	TBD

	Stage 2 Calibration Measurement

	10
	Uncertainty of Network Analyzer
	TBD
	Normal
	1
	1
	TBD

	11
	Mismatch of receiver chain
	TBD
	U-shaped
	√2
	1 
	TBD

	12
	Insertion loss variation in receiver chain
	TBD
	Rectangular
	√3
	1
	TBD

	13
	RF leakage (from transmitter to measurement antenna)
	TBD
	Normal
	1
	1 
	TBD

	14
	Amplifier Uncertainties
	TBD
	Normal
	1
	1
	TBD

	15
	Influence of the calibration antenna feed cable
	TBD
	U-shaped
	√2
	1
	TBD

	16
	Uncertainty of the absolute gain of the calibration antenna
	TBD
	Rectangular
	√3
	1
	TBD

	17
	Misalignment  positioning system
	TBD
	Exp. normal 
	2
	1
	TBD

	18
	Misalignment  of calibration antenna and measurement antenna
	TBD
	Exp. normal
	2
	1
	TBD

	19
	Standing wave between reference calibration antenna and measurement antenna
	TBD
	U-shaped
	√2
	1 
	TBD  

	20
	Effect of signal level ripple on calibration measurement
	TBD
	rectangular
	√3
	1
	TBD


	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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3.        Conclusions

The list of uncertainty contributors associated with a CATR for both EIRP/TRP and EIS/TIS is provided.
Proposal: We ask to approve this list of uncertainty contributors for CATR. If so by the next meeting a full MU budget for CATR will be provided, according to [1].
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