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< Unchanged Text Deleted >
< Beginning of Changes >
[bookmark: _Toc13066134]10.2.2	EIRP accuracy
[bookmark: _Toc13066135]10.2.2.1	General
The EIRP accuracy uncertainty budget was re-assessed and adjusted slightly according as detailed in the following tables. Only tThe MU budget for the CATR is shown as it is this MU that determines the agreed MU and TT.
Plane Wave Synthesizer (PWS) description and MU budget is also shown as an additional methodology to those presented in TR 37.842 [4].
< End of Changes >

< Unchanged Text Deleted >

< Beginning of Changes >
[bookmark: _Toc13066136]10.2.2.3	Plane Wave Synthesizer
[bookmark: _Toc13066137]10.2.2.3.1	Description
This method is a natural extension of a compact antenna test range (CATR) where the reflector is replaced by an antenna array, or Plane Wave Synthesizer (PWS), capable of approximating a plane wave within a specified quiet zone in front of the antenna in a similar manner as the reflector in a CATR system. 
The principle of the Plane Wave Synthesizer is shown in figure 10.2.2.3.1-1:
[image: ]
Figure 10.2.2.3.1-1: PWS test system diagram

The PWS typically consists of two main components: the radiating elements arranged in the structure of an array and the feeding system. The architecture of the later depends on the adopted technology, e.g. it could be fed by a standard Beam Forming Network (BFN) or by an active system.
Using similar technique of setting the phase and amplitude of the array signals, a quiet zone containing planar waves as a linear superposition of the array elements' spherical radiation waves can be created within the near field of the array.  
The PWS can achieve far-field testing conditions in a Quiet Zone (QZ) as in the case of Compact Antenna Test Ranges (CATRs) it enables direct measurements of far-field AUT performance in a controlled indoor environment as an alternative to CATR.
10.2.2.3.2	Procedure
Stage 1 - Calibration:
The calibration measurement is done by using a reference antenna with known efficiency or gain values (e.g. SGH). In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (C↔A, see figure 10.2.2.3.2-1) from the DUT to the measurement receiver is calibrated out. 
[image: ]
Figure 10.2.2.3.2-1: Tx range path loss calibration 

1) Path loss calibration E→A:
a)	Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's connector with a network analyzer (or equivalent measurement equipment) to obtain ΓSGH.
b)	Measure cable loss from point E to input of SGH, call this LE↔SGH which is the equivalent of 20log|S21| from the use of a network analyzer.
c)	Calculate the combined total path loss from E→A by using the following expression:
-	LSGHcal = LE,SGH + 10log(1 - |ΓSGH|2) - GSGH;
-	where  10log(1 - |ΓSGH|2)  is the compensation for SGH connector return loss, GSGH  is the known gain of the reference SGH.
2)	Connect SGH and D↔E cable.
3)	Measure path loss C→E with network analyzer LC→E = 20log|S21|.
4)	Calculate the test path loss compensation factor.  This is the total path loss between C↔A using the results from step 1c and 3. L =  LSGHcal  - LC→E.
Where ΓSGH is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyzer).
Stage 2 - Measurement:
1)	Install the AAS BS as DUT with the manufacturer declared coordinate system reference point in the same place as the phase center of the reference antenna A as shown in figure 10.2.2.3.2-2. The manufacturer declared coordinate system orientation of the AAS BS is set to be aligned with the testing system.
2)	Set the AAS BS to generate the tested beam with the appropriate test model with the beam peak direction intended to be the same as the testing direction.
3)	Measure mean power (Pmeas) at the measurement equipment (such as a spectrum analyzer or power meter) denoted in figure 10.2.2.3.2-2.
4)	Calculate EIRP, where EIRP = Pmeas + LC→A.
5)	Repeat steps 2-4 for all conformance test beam direction pairs and test conditions.

[image: ]
Figure 10.2.2.3.2-2: PWS setup for EIRP measurements 

[bookmark: _Toc13066146]10.2.2.3.4	MU assessment
[bookmark: _Toc13066147]10.2.2.3.4.1	MU Budget
Table 10.2.2.3.4.1-1: Plane Wave Synthesizer uncertainty contributions for EIRP measurements
	UID
	Uncertainty Source
	Details in annex

	
	
	

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	E6-1

	2
	RF power measurement equipment
	F.1

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	E6-2

	4
	RF leakage (calibration antenna connector terminated)
	E6-3

	5
	QZ ripple with DUT
	E6-4

	6
	Miscellaneous Uncertainty
	E6-5

	20
	System non-linearity
	E6-14

	Stage 1: Calibration measurement

	7
	Uncertainty of network analyzer
	F.1

	8
	Mismatch (i.e. reference antenna, network analyser and reference cable)
	E6-6

	9
	Insertion loss variation 
	E6-7

	4
	RF leakage (calibration antenna connector terminated)
	E6-3

	10
	Influence of the calibration antenna feed cable
	E6-8

	11
	Uncertainty of the absolute gain of the calibration antenna
	F.1

	12
	Misalignment of positioning system
	E6-9

	13
	Misalignment of calibration antenna & pointing error
	E6-1

	14
	Rotary joints
	E6-10

	15
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	E6-2

	16
	QZ ripple with calibration antenna
	E6-4

	17
	Switching uncertainty
	E6-11

	18
	Field repeatability
	E6-12

	19
	Frequency flatness
	E6-13



10.2.2.3.4.2	MU Value
Table 10.2.2.3.4.2-1: Plane Wave Synthesizer uncertainty assessment for EIRP measurements
	UID
	Uncertainty Source
	Uncertainty Value
	Distribution of the probability
	Divisor based on distribution shapre
	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
	RF power measurement equipment
	0.14
	0.26
	Gaussian
	1
	 1
	0.14
	0.26

	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
	QZ ripple with DUT
	[0.4]
	[0.4]
	Rectangular
	√3
	1
	[0.23]
	[0.23]

	6
	Miscellaneous Uncertainty
	0.00
	0.00
	Normal
	1
	1
	0.00
	0.00

	20
	System non-linearity
	[0.062]
	[0.062]
	Rectangular
	√3
	1
	[0.04]
	[0.04]

	Stage 1: Calibration measurement

	7
	Uncertainty of network analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	8
	Mismatch (i.e. reference antenna, network analyser and reference cable)
	0.127
	0.325
	U-shaped
	√2
	1
	0.09
	0.23

	9
	Insertion loss variation 
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

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

	10
	Influence of the calibration antenna feed cable
	0.103
	0.104
	Rectangular
	√3
	1
	0.06
	0.06

	11
	Uncertainty of the absolute gain of the calibration antenna
	0.50
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment of positioning system
	0.00
	0.00
	Exp. normal 
	2
	1
	0.00
	0.00

	13
	Misalignment of calibration antenna & pointing error
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

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

	15
	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

	16
	QZ ripple with calibration antenna
	[0.2]
	[0.2]
	Rectangular
	√3
	1
	[0.12]
	[0.12]

	17
	Switching uncertainty
	0.02
	0.02
	Rectangular
	√3
	1
	0.01
	0.01

	18
	Field repeatability
	[0.003]
	[0.003]
	Normal
	1
	1
	[0.003]
	[0.003]

	19
	Frequency flatness
	0.13
	0.13
	Rectangular
	√3
	1
	0.08
	0.08

	Combined standard uncertainty (1σ) [dB]
	[0.49]
	[0.58]

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.96]
	[1.14]



< End of Changes >

< Unchanged Text Deleted >

< Beginning of Changes >
[bookmark: _Toc13066292]10.3.2	OTA sensitivity
[bookmark: _Toc13066295]10.3.2.1	General

The OTA sensitivity MU was derived in TR 37.842 [4] as follows:shown in Table 10.3.2-1. Plane Wave Synthesizer description and MU budget is also shown as an additional methodology to those presented in TR 37.842 [4].

Table 10.3.2-1: Test system specific measurement uncertainty values for the EIS test 
	
	Expanded uncertainty ue [dB]

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Indoor Anechoic Chamber
	1.22
	1.25

	Compact Antenna Test Range
	1.33
	1.40

	One Dimensional Compact Range Chamber
	1.29
	1.43

	Near Field Test Range
	1.24
	1.24

	Plane Wave Synthesizer
	[1.29]
	[1.37]

	Common maximum accepted test system uncertainty
	1.3
	1.4



10.3.2.2	Plane Wave Synthesizer
10.3.2.2.1	Procedure
The calibration measurement is done by using a reference antenna with known efficiency or gain values (e.g. SGH). In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (C↔A, see figure 10.3.2.2.1-1) from the DUT to the measurement receiver is calibrated out.
[image: ]
Figure 10.3.2.2.1-1: Rx range path loss calibration 

1)	Path loss calibration E→A:
a)	Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's connector with a network analyzer (or equivalent measurement equipment) to obtain  ΓSGH. .
b)	Measure cable loss from point E to input of SGH, call this  LE↔SGH  which is the equivalent of 20log|S21| from the use of a network analyzer.
c)	Calculate the combined total path loss from E→A by using the following expression 
-	LSGHcal = LE,SGH + 10log(1 - |ΓSGH|2) - GSGH;
-	where  10log(1 - |ΓSGH|2)  is the compensation for SGH connector return loss, GSGH  is the known gain of the reference SGH.
2)	Connect SGH and D↔E cable.
3)	Measure path loss C→E with network analyzer LC→E = 20log|S21|.
4)	Calculate the test path loss compensation factor. This is the total path loss between C↔A using the results from step 1c and 3. L =  LSGHcal  - LC→E.
Where ΓSGH is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyzer).
Stage 2 - Measurement:
1)	Install AAS BS as DUT with the manufacturer declared coordinate system reference point in the same place as the phase center of the reference antenna A as shown in figure 10.3.2.2.1-2. The manufacturer declared coordinate system orientation of the AAS BS is set to be aligned with the testing system.
2)	Configure signal generator, one port and one carrier at a time according to maximum power requirement.
3)	Calculate EIS at this point with EIS = PBER - LC→A.
4)	Repeat steps 2-3 for all conformance test beam direction pairs and test conditions. 
[image: ]
Figure 10.3.2.2.1-2: PWS setup for Sensitivity measurements 


10.3.2.2.3	MU assessment
10.3.2.2.3.1	MU Budget
Table 10.3.2.2.3.1-1: Plane Wave Synthesizer uncertainty contributions for EIS measurements
	UID
	Uncertainty Source
	Details in annex

	
	
	

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	E6-1

	2
	RF signal generator
	F.1

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	E6-2

	4
	RF leakage (calibration antenna connector terminated)
	E6-3

	5
	QZ ripple with DUT
	E6-4

	6
	Miscellaneous Uncertainty
	E6-5

	20
	System non-linearity
	E6-14

	Stage 1: Calibration measurement

	7
	Uncertainty of network analyzer
	F.1

	8
	Mismatch (i.e. reference antenna, network analyzer and reference cable)
	E6-6

	9
	Insertion loss variation
	E6-7

	4
	RF leakage (calibration antenna connector terminated)
	E6-3

	10
	Influence of the calibration antenna feed cable
	E6-8

	11
	Uncertainty of the absolute gain of the calibration antenna
	F.1

	12
	Misalignment of positioning system
	E6-9

	13
	Misalignment of calibration antenna & pointing error
	E6-1

	14
	Rotary joints
	E6-10

	15
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	E6-2

	16
	QZ ripple with calibration antenna
	E6-4

	17
	Switching uncertainty
	E6-11

	18
	Field repeatability
	E6-12

	19
	Frequency flatness
	E6-13



10.3.2.2.3.2	MU Value
Table 10.3.2.2.3.2-1: Plane Wave Synthesizer uncertainty assessment for EIS measurements
	UID
	Uncertainty Source
	Uncertainty Value
	Distribution of the probability
	Divisor based on distribution shapre
	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
	RF signal generator
	0.46
	0.46
	Gaussian
	1
	 1
	0.46
	0.46

	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
	QZ ripple with DUT
	[0.4]
	[0.4]
	Rectangular
	√3
	1
	[0.23]
	[0.23]

	6
	Miscellaneous Uncertainty
	0.00
	0.00
	Normal
	1
	1
	0.00
	0.00

	20
	System non-linearity
	[0.062]
	[0.062]
	Rectangular
	√3
	1
	[0.04]
	[0.04]

	Stage 1: Calibration measurement

	7
	Uncertainty of network analyzer
	0.13
	0.20
	Normal
	1
	1
	0.13
	0.20

	8
	Mismatch (i.e.reference antenna, network analyser and reference cable)
	0.127
	0.325
	U-shaped
	√2
	1
	0.09
	0.23

	9
	Insertion loss variation 
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

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

	10
	Influence of the calibration antenna feed cable
	0.103
	0.104
	Rectangular
	√3
	1
	0.06
	0.06

	11
	Uncertainty of the absolute gain of the calibration antenna
	0.50
	0.43
	Rectangular
	√3
	1
	0.29
	0.25

	12
	Misalignment of positioning system
	0.00
	0.00
	Exp. normal 
	2
	1
	0.00
	0.00

	13
	Misalignment of calibration antenna & pointing error
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

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

	15
	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

	16
	QZ ripple with calibration antenna
	[0.2]
	[0.2]
	Rectangular
	√3
	1
	[0.12]
	[0.12]

	17
	Switching uncertainty
	0.02
	0.02
	Rectangular
	√3
	1
	0.01
	0.01

	18
	Field repeatability
	[0.003]
	[0.003]
	Normal
	1
	1
	[0.003]
	[0.003]

	19
	Frequency flatness
	0.13
	0.13
	Rectangular
	√3
	1
	0.08
	0.08

	Combined standard uncertainty (1σ) [dB]
	[0.66]
	[0.70]

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[1.29]
	[1.37]



< End of Changes >

< Unchanged Text Deleted >

< Beginning of Changes >
[bookmark: _Toc13066653]E.6	Plane Wave Synthesizer
E6-1 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 a small contribution. The calibration antenna's phase centre and polarization purity changes slightly according to the frequency. Therefore, there should be some uncertainty reserved for this. To ensure that the point error is at a minimal, this contribution should be captured using the antenna pattern cut which is broadest (in the case of the DUT this would most likely be in the azimuth domain).
E6-2 Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT/calibration antenna
This value covers the effect of standing wave between DUT or calibration antenna and the test range antenna, but also counts for the PWS imperfect field synthesis over distance. This value can be captured by moving the DUT or calibration antenna towards the test range antenna.
E6-3 RF leakage
This contribution denotes noise leaking in to connector and cable(s) between test range antenna and receiving equipment.  The contribution also includes the noise leakage between the connector and cable(s) between reference antenna and transmitting equipment.
E6-4 QZ ripple with DUT/calibration antenna
This is the quiet zone (QZ) ripple experienced by the DUT/reference antenna 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 measurements. The sum of all these reflections from the walls, 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/reference antenna. 

E6-5 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 and the DUT.



E6-6 	Mismatch
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 1, this can be considered systematic and negligible.
E6-7 	Insertion loss variation 
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. 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 AAS BS or calibration antenna.
	IL = -20log10|S21| dB
E6-8 	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.


E6-9 Misalignment of 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.
E6-10 Rotary Joints
If applicable, this uncertainty term corresponds to the accuracy in changing from azimuth to vertical measurements.
E6-11 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.
E6-12 Field repeatability
[Each execution of field calibration of the measurement antenna array to find the PWS 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 PWS antenna to reference antenna coupling. This variation is described by field repeatability term. ]

E6-13 Frequency flatness
This uncertainty contribution to account for the frequency interpolation error caused by a finite frequency resolution during the calibration stage.
E6-14 System non-linearity
[This uncertainty term is calculated as RSS of the following items, assuming a rectangular distribution:
· System non-linearity in time. This is assessed by repeated measurements over a period of time (e.g. 60 minutes) for the same reference power transmitted by the reference antenna. The largest difference between the results is recorded as the uncertainty.
· System non-linearity in power. This is assessed by repeated measurements over a range of transmitted powers. The largest delta between the increments are the transmitting and receiving sides is recorded as the uncertainty.]

< End of Changes >

image1.png
3

A: BS coordinate reference point
B: PWS antenna connector
C: Test Equipment connector

ARXARKRRAKXKAKX

Test Equipment
[of





image2.png
A: BS coordinate reference point
B: PWS antenna connector

C: Network Analyzer connector
D: Reference antenna connector
E: Network analyzer connector

ARXARKRRAKXKAKX

Network Analyzer





image3.png
3

A: BS coordinate reference point
B: PWS antenna connector
C: Measurement receiver connector

ARXARKRRAKXKAKX

Measurement
Receiver





image4.png
A: BS coordinate reference point
B: PWS antenna connector

C: Network Analyzer connector
D: Reference antenna connector
E: Network analyzer connector

ARXARKRRAKXKAKX

Network Analyzer





image5.png
3

A: BS coordinate reference point
B: PWS antenna connector
C: Signal generator connector

ARXARKRRAKXKAKX

Signal Generator
[o4





