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Introduction
This contribution provides a thorough analysis of the Measurement Uncertainty budget applicable to the 2D Compact Range system presented in [1] and further defined in [2].
Using the CATR uncertainty budget for EIRP and EIS measurements currently available in [4] and [5] as a reference, the following sections in this contribution present a study of the uncertainty value for each of the terms together with the corresponding description of those additional terms applicable to the plane wave converter methodology.
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The tables 2-1 and 2-2 below present the summary list of MU terms for both EIRP and EIS measurements.
	UID
	Uncertainty Source
	Details in section

	
	
	

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	3.1

	2
	Measurement Receiver
	3.2

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	3.3

	4
	RF leakage (calibration antenna connector terminated)
	3.4

	5
	Normalized QZ ripple with DUT
	3.5

	6
	Miscellaneous Uncertainty
	3.6

	7
	Frequency flatness
	3.7

	8
	Field imbalance
	3.8

	Stage 1: Calibration measurement

	9
	Calibration equipment (i.e. reference receiver, measurement receiver and generator)
	3.9

	10
	Mismatch (i.e. reference receiver, reference antenna, generator and reference cable)
	3.10

	11
	Insertion loss variation in receiver chain
	3.11

	4
	RF leakage (calibration antenna connector terminated)
	3.4

	12
	Influence of the calibration antenna feed cable
	3.12

	13
	Uncertainty of the absolute gain of the calibration antenna
	3.13

	14
	Misalignment of positioning system
	3.14

	15
	Misalignment of calibration antenna & pointing error
	3.1

	16
	Rotary joints
	3.15

	17
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	3.3

	18
	Normalized QZ ripple with calibration antenna
	3.5

	19
	Switching uncertainty
	3.16

	20
	Field calibration repeatability
	3.17


Table 2‑1: 2D Compact Range uncertainty budget format for EIRP measurements 

	UID
	Uncertainty Source
	Details in section

	
	
	

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	3.1

	21
	RF signal generator
	3.18

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	3.3

	4
	RF leakage (calibration antenna connector terminated)
	3.4

	5
	Normalized QZ ripple with DUT
	3.5

	6
	Miscellaneous Uncertainty
	3.6

	7
	Frequency flatness
	3.7

	8
	Field imbalance
	3.8

	Stage 1: Calibration measurement

	9
	Calibration equipment (i.e. reference receiver and generator)
	3.9

	22
	Mismatch (i.e. reference receiver, reference antenna, generator and reference cable)
	3.10

	11
	Insertion loss variation in receiver chain
	3.11

	4
	RF leakage (calibration antenna connector terminated)
	3.4

	12
	Influence of the calibration antenna feed cable
	3.12

	13
	Uncertainty of the absolute gain of the calibration antenna
	3.13

	14
	Misalignment of positioning system
	3.14

	15
	Misalignment of calibration antenna & pointing error
	3.1

	16
	Rotary joints
	3.15

	17
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	3.3

	18
	Normalized QZ ripple with calibration antenna
	3.5

	19
	Switching uncertainty
	3.16

	20
	Field calibration repeatability
	3.17


Table 2‑2: 2D Compact Range uncertainty budget format for EIS measurements


Error contribution descriptions
The following sections describe in detail the evaluation for each of the MU terms in Tables 2-1 and 2-2 applicable to R&S implementation of PWC. The following assumptions are common to all of them:
· RF equipment
· Reference receiver: R&S NRQ6
· Measurement receiver: R&S FSW8 or R&S NRQ6
· Signal generator: R&S SMW200A
· Vector network analyzer: R&S ZVA8
· Antennas
· Calibration antenna: R&S PWC-CAA1 (active Vivaldi antenna)
· DUT Antenna:
· MARS MA-WA36-DP25 (3.2 to 3.8 GHz)
· MARS MA-WA25-DP23 (2.3 to 2.7 GHz)
· Test settings
· Minimum set of frequencies: 2350, 2600, 3500 and 3750 MHz
· Signal bandwidth <= 100 MHz
· Test distance = 1500 mm

[bookmark: _Ref13479191]Misalignment DUT/calibration antenna & pointing error 
Following section E2-1 in [4], this error is evaluated using the DUT or calibration antenna by taking the maximal difference between  or  measured for a roll angle of +2° or -2° and  or  measured for a roll angle of 0° for all considered frequencies. This evaluation is a worst case compared to the positioner repeatability, equal 0.05º. 
A rectangular distribution is assumed for this uncertainty.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	1
	Misalignment DUT & pointing error
	0.100
	0.100
	dB
	Rectangular
	√3
	1
	0.058
	0.058

	15
	Misalignment of calibration antenna & pointing error
	0.050
	0.050
	dB
	Rectangular
	√3
	1
	0.029
	0.029



[bookmark: _Ref13480152]Measurement Receiver
As described in [2], a relative measurement approach is used following the description in section G.4 in [6] where the same receiver is used for both calibration and DUT measurements steps. Therefore, the final DUT measurement becomes relative and the absolute accuracy of the measurement receiver is cancelled out.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	2
	Measurement Receiver
	0.000
	0.000
	dB
	Gaussian
	1
	1
	0.000
	0.000



[bookmark: _Ref13482778]Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT/calibration antenna
This MU term covers both the standing wave between DUT or calibration antenna and the test range antenna as per section E2-3 in [4], but it also counts for the PWC imperfect field synthesis over distance.
It is evaluated by means of an S21 measurement between the PWC and the DUT or calibration antenna, where the measurement distance is varied ±35mm from the reference at 1500mm. This variation corresponds to  for the lowest frequency range (i.e. 2300 MHz).
The maximum coupling deviation for each center frequency is calculated as follows, assuming a rectangular distribution:

	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	0.05
	0.14
	dB
	Rectangular
	√3
	1
	0.029
	0.081

	17
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	0.12
	0.12
	dB
	Rectangular
	√3
	1
	0.069
	0.069



[bookmark: _Ref13482998]RF leakage 
This contribution denotes interference and noise leaking in to connector and cable(s) between test range antenna and receiving/transmitting equipment. Assuming a worst case SINR ≥ 40dB, the error is calculated as follows:
.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	4
	RF leakage
	0.086
	0.086
	dB
	Normal
	1
	1
	0.086
	0.086



Figure 3.4-1 shows the setup to verify this maximum SINR in case of Tx measurements, where the reference antenna connector cable is loaded with 50 ohm instead of connecting the calibration antenna (point F).  is the power received during range path loss calibration.
[image: ]
Figure 3.4‑1: SINR check setup for Tx measurements

Figure 3.4-2 shows the corresponding setup to verify the maximum SINR in case of Rx measurements, where the PWC connector cable is loaded with 50 ohm instead of connecting the PWC (point C).  is the power received during range path loss calibration.
[image: ]
Figure 3.4‑2: SINR check setup for Rx measurements
Normalized QZ ripple with DUT/calibration antenna
This term describe the maximum antenna to antenna coupling error due to the synthesized field distribution  over the QZ surface different in relation to the plane wave distribution  taken as reference. Only dominant field component is taken as . 
This term depends on: 
· Field distribution in the QZ surface:
· imperfect field synthesis by PWC200
· room reflections
· signal bandwidth
· misalignment of PWC and DUT coordinate systems
· accuracy of near-field scanner (negligible)
· aperture size of CAL antenna
· aperture efficiency of CAL antenna

As described in [7], the metric to assess the quality of the Quiet Zone for PWC differs from classical systems. In this case:
· Selection of metric depends on the Antenna Under Test aperture efficiency 



· Electric field deviation  does not depend on mean magnitude or phase difference between the evaluation field  and the reference field , therefore normalization factor  is introduced



where electric fields  are taken only over  sampling points included in the physical area of the AUT and  is chosen such that,  is minimum.

· Normalized QZ ripple for antennas with high aperture efficiency  at discrete frequency  is


· Normalized antenna coupling error is 


· Normalized QZ ripple for antennas with low aperture efficiency  at discrete frequency  is


·  Antenna coupling error is 


· Finally average coupling error  is calculated for all uniformly distributed frequencies  within signal bandwidth 


Using the calibration antenna described at the beginning of section 3, an aperture size of 40 mm x 170 mm is assumed which provides very high aperture efficiency . 
In the case of the DUT antennas described at the beginning of section 3, a 60 cm x 60 cm aperture is assumed, providing an aperture efficiency close to 1 for both DUT antennas.
Therefore, in all cases the normalized QZ ripple formula with  is used:

	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	5
	Normalized QZ ripple with DUT
	0.66
	0.92
	dB
	Rectangular
	√3
	1
	0.381
	0.531

	18
	Normalized QZ ripple with calibration antenna
	0.22
	0.24
	dB
	Rectangular
	√3
	1
	0.127
	0.139



The field distribution measurements (magnitude and phase) are performed using an Open Ended Waveguide Probe (OEWP) and a Vector Network Analyzer (e.g. R&S ZVA8) in order to get results like the one shown in figure 3.5-1 and 3.5-2, where the evaluation areas for calibration and DUT antenna are marked with black and red rectangles, respectively.

[image: ]
Figure 3.5-1: QZ field distribution; f = 2600 MHz. 
[image: ]
Figure 3.5-2: QZ field distribution; f = 3750 MHz. 

Miscellaneous Uncertainty
The term 'miscellaneous uncertainty' is used to define all the unknown, unquantifiable, etc. uncertainties associated with EIRP/EIS measurements.
According to Appendix G.13 in [6], a fixed value of 0.2 dB with a normal distribution shall be incorporated in the budget for the miscellaneous uncertainty.
Measurements of the repeatability of the DUT measurement were carried out to confirm the value of 0.2 dB given in [6]. Before each measurement, the DUT antenna is removed from the positioner. After mounting the DUT on the positioner again and aligning it with the measurement antenna, the power received by the spectrum analyser is measured.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	6
	Miscellaneous Uncertainty
	0.200
	0.200
	dB
	Normal
	1.000
	1
	0.200
	0.200



Frequency flatness
The error contribution due to frequency flatness and interpolation error is calculated using equation G.33 in [6]:

with  the expected relative error in the average power result for a given channel in dB,  the linear path loss at the center frequency of the given channel,  the linear path loss at each frequency point across the corresponding channel and  the number of frequency steps across a given channel bandwidth. 
The data in dB are linearized with the following equation.

As worst case,  is calculated for a center frequency of 3700 MHz with a bandwidth of 100 MHz. A rectangular distribution is assumed for this uncertainty.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	6
	Frequency flatness
	0.130
	0.130
	dB
	Rectangular
	√3
	1
	0.075
	0.075



Field imbalance
This term describes offset of DUT measurement result due to different aperture size between calibration and DUT antennas. Difference in average of incident field level over aperture sizes creates this offset. Only dominant field component is considered. This uncertainty is not included in the normalized QZ ripple term.



Finally the imbalance error  is calculated for all uniformly distributed frequencies  within signal bandwidth 

	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	6
	Field imbalance
	0.170
	0.100
	dB
	Rectangular
	√3
	1
	0.098
	0.058



Calibration equipment
As described in [2], a relative measurement approach is used following the description in section G.4 and G.5 in [6] where the same receiver/generator is used for both calibration and DUT measurements steps. Therefore, the final DUT measurement becomes relative and the absolute accuracy of the measurement receiver/generator is cancelled out. In order to achieve this a high accuracy reference receiver (e.g. R&S NRQ6) is used to minimize the measurement uncertainty.
This uncertainty term is calculated as RSS of the following terms:
· Signal generator: absolute output level. The absolute output level of the signal generator stays constant during both measurement stages. This uncertainty is set to zero.
· Signal generator: output level stability. The output level stability of the signal generator is measured connecting a power sensor at the output port of the generator. The power in dB is measured at five different time steps. The uncertainty is determined by taking the maximal difference in the measurements results for each considered frequency. A normal distribution is assumed for this uncertainty.
· Measurement receiver: absolute level. The error due to the absolute level of the spectrum analyzer is cancelled due to its presence in both path loss calibration and DUT measurement. This uncertainty is set to zero. Not applicable to sensitivity measurements.
· Measurement receiver: linearity. The error due to the linearity of the spectrum analyzer is also set to zero assuming that the power received by the spectrum analyzer in both measurement stages is assumed constant for all considered frequencies. Not applicable to sensitivity measurements.
· Reference receiver: absolute level. The error due to the absolute level of the power sensor is taken from the manufacturer’s datasheet [11]. Assuming an absolute value of 0 dBm, the error is equal to 0.11 dB. An expanded normal distribution is assumed for this uncertainty.
· Reference receiver: mismatch loss. The VSWR of the power sensor is equal to 1.2 according to the manufacturer’s datasheet [11]. The absolute value of the complex reflection coefficient of the port of the power sensor  is calculated as per section 3.10. The following equation is used to estimate the mismatch loss of the power sensor, and a U-shaped distribution is assumed for .

· Reference receiver: linearity. The error due to the linearity of the power sensor is set to zero: the power sensor is used for single power level measurement only for each considered frequency.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	9
	Calibration equipment (i.e. reference receiver, measurement receiver and generator)
	0.059
	0.059
	dB
	Normal
	1
	1
	0.059
	0.059



[bookmark: _Ref13493521]Mismatch
In general, the absolute value of the complex reflection coefficient  can be calculated from the VSWR, or the Return Loss, according to:

Equation G.1 from [6] is used to calculate the error due to mismatch the 2 ends of a RF path:

As described for the previous term, the mismatch error is also minimized because of the relative measurement approach. Therefore, this term is calculated as RSS of the following terms:
· Mismatch between the reference receiver and the reference cable. The reflection coefficient of the reference receiver and the generator, together with the path loss between these two elements is used to calculate this term.
· Mismatch between the reference cable and the reference antenna. The reflection coefficient of the reference antenna and the generator, together with the path loss between these two elements is used to calculate this term.
· Mismatch between the measurement receiver/generator and the measurement cable. This mismatch is present during path loss calibration and the DUT measurement as there is no movement of the cable connecting both devices and no connector change. Thus the uncertainty is set to zero.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	10
	Mismatch (i.e. reference receiver, reference antenna, generator and reference cable)
	0.06
	0.05
	dB
	U-shaped
	√2
	1
	0.041
	0.034

	22
	Mismatch (i.e. reference receiver, reference antenna, generator and reference cable)
	0.11
	0.11
	dB
	U-shaped
	√2
	1
	0.078
	0.078



Insertion loss variation in receiver chain
The insertion loss of the measurement antenna cable stays constant during both measurement stages: there is no movement of the cable and no connector change during measurements. This uncertainty is set to zero.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	11
	Insertion loss variation in receiver chain
	0.00
	0.00
	dB
	Rectangular
	√3
	1
	0.00
	0.00



Influence of the calibration antenna feed cable
This uncertainty term is calculated as RSS of the following items, assuming a :
· Insertion loss variation due to adaptor. The reference antenna input connector is different from the reference receiver, so an adaptor is needed only for the first step of the range path calibration.
· Insertion loss variation due to the reference cable. This is assessed by repeated measurements while flexing the cable reference cable. The largest difference between the results is recorded as the uncertainty.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	12
	Influence of the calibration antenna feed cable
	0.103
	0.104
	dB
	Rectangular
	√3
	1
	0.060
	0.060



Uncertainty of the absolute gain of the calibration antenna
The calibration antenna used for the PWC is a dedicated active Vivaldi antenna as described at the beginning of section 3. Therefore, the reference antenna calibration is performed under very well controlled conditions where the MU is reduced. An expanded normal distribution is assumed for this uncertainty.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	13
	Uncertainty of the absolute gain of the calibration antenna.
	0.140
	0.140
	dB
	Exp. Normal
	2
	1
	0.070
	0.070



Misalignment of positioning system
The misalignment between the measurement antenna and calibration antenna is negligible due to the low directivity of the reference antenna. An expanded normal distribution is assumed for this uncertainty.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	14
	Misalignment of positioning system
	0.00
	0.00
	dB
	Exp. Normal
	2
	1
	0.00
	0.00



Rotary joints
This contribution is not applicable since the PWC antenna is single polarized and only one path loss calibration is performed.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	14
	Rotary joints
	0.00
	0.00
	dB
	U-shaped
	√2
	1
	0.00
	0.00



Switching uncertainty
This term is evaluated using the Tx range calibration setup described in [2] by measuring the value of the power  received by the spectrum analyzer five times after switching several times the switching unit (i.e. R&S OSP). 
The uncertainty is determined by taking the maximal difference between the five different measurements. A rectangular distribution is assumed for this uncertainty.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	19
	Switching uncertainty
	0.020
	0.020
	dB
	Rectangular
	√3
	1
	0.012
	0.012



Field calibration repeatability
Each execution of field calibration of the measurement antenna array to find the PWC settings provides a slightly different set of settings for the RF components for each antenna path. This results in variation of the synthesized plane wave in the QZ and variation of PWC antenna to reference antenna coupling. This variation u is described by field calibration repeatability term.
In other to determine this term, the following step by step process is followed:
· Perform field calibration
· Enable PWC setting
· Measure S21 between the PWC and calibration reference antenna at the PWC setting frequency
· Repeat field calibration and S21 measurement for all PWC setting frequencies at least  times
· Maximum error is determined as follows.

	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	20
	Field calibration repeatability
	0.13
	0.31
	dB
	Rectangular
	√3
	1
	0.075
	0.179



[bookmark: _Ref13579080]RF signal generator
As described in [2], a relative measurement approach is used following the description in section G.5 in [6] where the same generator is used for both calibration and DUT measurements steps. Therefore, the final DUT measurement becomes relative and the absolute accuracy of the RF signal generator receiver is cancelled out.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	21
	RF signal generator
	0.000
	0.000
	dB
	Gaussian
	1
	1
	0.000
	0.000




MU values
As an outcome of previous sections, tables 4-1 and 4-2 show the final MU value tables applicable to the PWC methodology.
	UID
	Uncertainty Source
	Uncertainty Value
	Distribution
	Divisor
	ci
	Std. uncertainty 
ui [dB]

	
	
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz
	
	
	
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	2
	Measurement Receiver
	0.00
	0.00
	Gaussian
	1
	 1
	0.00
	0.00

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	0.05
	0.14
	Rectangular
	√3
	1
	0.03
	0.08

	4
	RF leakage (calibration antenna connector terminated)
	0.086
	0.086
	Normal
	1
	1
	0.09
	0.09

	5
	Normalized QZ ripple with DUT
	0.66
	0.92
	Rectangular
	√3
	1
	0.38
	0.53

	6
	Miscellaneous Uncertainty
	0.20
	0.20
	Normal
	1
	1
	0.20
	0.20

	7
	Frequency flatness
	0.13
	0.13
	Rectangular
	√3
	1
	0.08
	0.08

	8
	Field imbalance
	0.17
	0.10
	Rectangular
	√3
	1
	0.10
	0.06

	Stage 1: Calibration measurement

	9
	Calibration equipment (i.e. reference receiver, measurement receiver and generator)
	0.059
	0.059
	Normal
	1
	1
	0.06
	0.06

	10
	Mismatch (i.e. reference receiver, reference antenna, generator and reference cable)
	0.06
	0.05
	U-shaped
	√2
	1
	0.04
	0.03

	11
	Insertion loss variation in receiver chain
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	4
	RF leakage (calibration antenna connector terminated)
	0.086
	0.086
	Normal
	1
	1
	0.09
	0.09

	12
	Influence of the calibration antenna feed cable
	0.103
	0.104
	Rectangular
	√3
	1
	0.06
	0.06

	13
	Uncertainty of the absolute gain of the calibration antenna
	0.14
	0.14
	Exp. normal 
	2
	1
	0.07
	0.07

	14
	Misalignment of positioning system
	0.00
	0.00
	Exp. normal 
	2
	1
	0.00
	0.00

	15
	Misalignment of calibration antenna & pointing error
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	16
	Rotary joints
	0.00
	0.00
	U-shaped
	√2
	1
	0.00
	0.00

	17
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	0.12
	0.12
	Rectangular
	√3
	1
	0.07
	0.07

	18
	Normalized QZ ripple with calibration antenna
	0.22
	0.24
	Rectangular
	√3
	1
	0.13
	0.14

	19
	Switching uncertainty
	0.02
	0.02
	Rectangular
	√3
	1
	0.01
	0.01

	20
	Field calibration repeatability
	0.13
	0.31
	Rectangular
	√3
	1
	0.08
	0.18

	Combined standard uncertainty (1σ) [dB]
	0.52
	0.66

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	1.01
	1.29


Table 4‑1: 2D Compact Range uncertainty values for EIRP measurements


	UID
	Uncertainty Source
	Uncertainty Value
	Distribution
	Divisor
	ci
	Std. uncertainty 
ui [dB]

	
	
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz
	
	
	
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	21
	RF signal generator
	0.00
	0.00
	Gaussian
	1
	 1
	0.00
	0.00

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	0.05
	0.14
	Rectangular
	√3
	1
	0.03
	0.08

	4
	RF leakage (measurement antenna connector terminated)
	0.086
	0.086
	Normal
	1
	1
	0.09
	0.09

	5
	Normalized QZ ripple with DUT
	0.66
	0.92
	Rectangular
	√3
	1
	0.38
	0.53

	6
	Miscellaneous Uncertainty
	0.20
	0.20
	Normal
	1
	1
	0.20
	0.20

	7
	Frequency flatness
	0.13
	0.13
	Rectangular
	√3
	1
	0.08
	0.08

	8
	Field imbalance
	0.17
	0.10
	Rectangular
	√3
	1
	0.10
	0.06

	Stage 1: Calibration measurement

	9
	Calibration equipment (i.e. reference receiver and generator)
	0.059
	0.059
	Normal
	1
	1
	0.06
	0.06

	22
	Mismatch (i.e. reference receiver, reference antenna, generator and reference cable)
	0.11
	0.11
	U-shaped
	√2
	1
	0.08
	0.08

	11
	Insertion loss variation in receiver chain
	0.00
	0.00
	Rectangular
	√3
	1
	0.00
	0.00

	4
	RF leakage (calibration antenna connector terminated)
	0.086
	0.086
	Normal
	1
	1
	0.09
	0.09

	12
	Influence of the calibration antenna feed cable
	0.103
	0.104
	Rectangular
	√3
	1
	0.06
	0.06

	13
	Uncertainty of the absolute gain of the calibration antenna
	0.14
	0.14
	Exp. normal 
	2
	1
	0.07
	0.07

	14
	Misalignment of positioning system
	0.00
	0.00
	Exp. normal 
	2
	1
	0.00
	0.00

	15
	Misalignment of calibration antenna & pointing error
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	16
	Rotary joints
	0.00
	0.00
	U-shaped
	√2
	1
	0.00
	0.00

	17
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	0.12
	0.12
	Rectangular
	√3
	1
	0.07
	0.07

	18
	Normalized QZ ripple with calibration antenna
	0.22
	0.24
	Rectangular
	√3
	1
	0.13
	0.14

	19
	Switching uncertainty
	0.02
	0.02
	Rectangular
	√3
	1
	0.01
	0.01

	20
	Field calibration repeatability
	0.13
	0.31
	Rectangular
	√3
	1
	0.08
	0.18

	Combined standard uncertainty (1σ) [dB]
	0.52
	0.66

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	1.02
	1.30


Table 4‑2: 2D Compact Range uncertainty values for EIS measurements

Conclusion
In this contribution, in addition to [1] and [2], an extensive description of the MU for the 2D Compact Range has been provided. It is proposed to incorporate the MU budgets, as detailed in Tables 2-1 and 2-2, and the MU values, as detailed in Tables 4-1 and 4-2, into TR 37.843.
Proposal: incorporate Tables 2-1, 2-2, 4-1 and 4-2 into TR 37.843.
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