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Introduction
During RAN#79, the measurement uncertainty budgets for AAS BS OTA test methodologies were discussed. Uncertainty contributors and their values were agreed for all the OTA test methodologies for AAS BS. Additionally, way forward on the measurement equipment uncertainties was agreed in R4-164720 [1]. 
During RAN4#80, Rel-13 AAS BS specification has to be concluded. Therefore, in this contribution, it is proposed to clarify the OTA testing procedures for EIRP and for EIS, and to align them. More specifically, it is proposed to clarify, that the calibration stage has to be completed, before the DUT measurement. So far, the TR 37.842 [2] captures test procedures descriptions with the above two stages in a reversed order, which is confusing. 
In order to collect the feedback form other companies before proposing the TP to TR 37.842 [2], we would like to discuss the attached TP. 
This contribution presents discussion on the OTA test procedure correction, related to the measurement and calibration stages re-ordering.   
Summary
It is proposed to discuss the attached TP in order to collect the feedback. Respective TP to TR 37.842 [2] will follow the discussion. 
The proposed TP is based on the TR 37.842, v 1.12.0 [2], which was distributed on the AAS reflector, before RAN4#80 meeting. 
References
[1] R4-164720	WF on Uncertainty distribution and values for common equipment used in EIRP/EIS test, RAN4#79, Sumitomo Electric, NEC, Ericsson, Nokia, Huawei
[2] TR 37.842, v1.12.0



Text proposal to TR37.842 v1.12.0
< Start of TP >
10.1.2 Uncertainty budget calculation principle
Uncertainty contributions listed in section 10.3 with descriptions in the Appendix of this document need to be calculated to provide an overall total measurement uncertainty for each test method for the accompanying conformance requirement.
The uncertainty tables are presented with two stages in mind:. 
· Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna (for example a standard gain horn) whose absolute gain is known at the frequencies of measurement.
·  Stage 21: the actual measurement with the DUT as either the transmitter or receiver (depending on EIRP or EIS measurement) is performed.  
· In stage 2 the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna (for example a standard gain horn) whose absolute gain is known at the frequencies of measurement.
The final uncertainty budget should comprise of a minimum 5 headings: the uncertainty source, uncertainty value, probability of the distribution, divisor based on distribution shape, weighting coefficient and its calculated standard uncertainty (based on uncertainty value, divisor and weighting coefficient).
Note: All contributions are assumed independent, log and small, hence the errors induced by taking values in log are negligible.  .
The procedure for forming the uncertainty budget can be as follows:
1)	Compile lists of individual uncertainty contributions for EIRP/EIS measurement both in Stage 1 and Stage 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  if the distribution is U-shaped, by 2 if the distribution exponentially normal and by  if the distribution is rectangular.
3)	Convert the units into decibel, 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 Stage 1 and Stage 2 also by the RSS method: .
6)	Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level: 1.96 * UC.
< Next modified section >
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The test consists of two stages: the calibration and the measurement. The test procedure is as follows: 
[image: ]
Fig. 10.3.1.1.1.3-1 Calibration system setup. 
Stage 1: Calibration: 
1) Connect the reference antenna and the receiving antenna to the measurement RF out port and RF in port of the network analyzer, respectively, as shown in Fig. 10.3.1.1.1.3-1. 
2) Install the reference antenna with its beam peak direction and the height of its phase centre aligned with the receiving antenna. 
3) Set the centre frequency of the network analyzer to the carrier centre frequency of the tested signal for EIRP measurement of AAS BS and measure LFEIRP, E→D , which is equivalent to 20log|S21| (dB) obtained by the network analyzer.
LFEIRP, E→D: Pathloss between E and D in Fig. 10.3.1.1.1.3-1.
4) Measure the cable loss, LFEIRP, E→F between the reference antenna connector and the network analyzer connector. 
LFEIRP, E→F: Cable loss between E and F in Fig. 10.3.1.1.3-1 
5) Calculate the calibration value between A and D with the following formula:
LEIRP_cal, A→D = LFEIRP, E→D  + GREF_ANT_EIRP, A→F –LFEIRP, E→F 
LEIRP_cal, A→D:  Calibration value between  A and D in Fig. 10.3.1.1.1.3-1. 
GREF_ANT_EIRP, A→F: Antenna gain of the reference antenna 
Stage 2: Measurement: 
6) Uninstall the reference antenna and install the AAS BS with the manufacturer declared coordinate system reference point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate system orientation of the AAS is set to be aligned with the testing system.
7) Set the AAS BS to generate the tested beam with the beam peak direction intended to be the same as the testing direction.
8) Rotate the AAS BS to make the testing direction aligned with the direction of the receiving antenna.
9) Set the AAS BS to transmit the test signal at the maximum power according to E-TM1.1. 
10) Measure the mean power for each carrier arriving at the measurement equipment connector, denoted by PR_AAS_EIRP, D .
PR_AAS_EIRP, D: Measured mean power for each carrier at the measurement equipment connector at D in Fig. 10.3.1.1.1.1-1
11) Calculate the EIRP with the following formula:
EIRP = PR_AAS_EIRP, D+ LEIRP_cal, A→D
12) Repeat the above steps 7)~17) per conformance test beam direction pair.
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Table 10.3.1.1.1.4 -1: Indoor Anechoic Chamber Uncertainty contributions 
 for AAS BS EIRP measurement
	UID
	Description of uncertainty contribution
	Details in paragraph

	Stage 21, DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	B1-1

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	B1-2

	3
	Quality of quiet zone
	B1-3

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	B1-4

	5
	Mutual coupling between the AAS BS and the receiving antenna
	B1-5

	6
	Phase curvature
	B1-6

	7
	Uncertainty of the measurement equipment
	B1-7

	8
	Impedance mismatch in the receiving chain
	B1-8

	9
	Random uncertainty
	B1-9

	Stage 12, Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	B1-10

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B1-11

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	B1-12

	13
	Quality of quiet zone
	B1-3

	14
	Polarization mismatch for reference antenna
	B1-4

	15
	Mutual coupling between the reference antenna and the receiving antenna
	B1-5

	16
	Phase curvature 
	B1-6

	17
	Uncertainty of the measurement equipment
	B1-13

	18
	Influence of the reference antenna feed cable
	a)	Flexing cables, adapters, attenuators, and connector repeatability
	B1-14

	19
	Reference antenna feed cable loss measurement uncertainty
	B1-15

	20
	Influence of the receiving antenna feed cable
	a)	Flexing cables, adapters, attenuators, and connector repeatability
	B1-1

	21
	Uncertainty of the absolute gain of the reference antenna
	B1-17

	22
	Uncertainty of the absolute gain of the receiving antenna
	B1-18
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Table 10.3.1.1.1.5-1.1: EIRP measurement uncertainty with the Indoor Anechoic Chamber 
(f≦3.0GHz)
	UID
	Description of uncertainty contribution
	Uncertainty distribution
	Maximum value of the uncertainty
	Divisor
	Standard uncertainty

	Stage 21, DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	Rectangular
	0.03 
	
	0.02 

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	Rectangular
	0.3
	
	0.17 

	3
	Quality of quiet zone
	Normal
	Not applicable
	Not applicable
	0.10 

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	Rectangular
	0.01 
	
	0.01 

	5
	Mutual coupling between the AAS BS and the receiving antenna
	Rectangular
	0.00 
	
	0.00 

	6
	Phase curvature
	Normal
	Not applicable
	Not applicable
	0.05 

	7
	Uncertainty of the measurement equipment
	Normal
	Not applicable
	Not applicable
	[FFS] 

	8
	Impedance mismatch in the receiving chain
	U
	[0.20] 
	
	[0.14] 

	9
	Random uncertainty
	Rectangular
	0.1 
	
	0.06 

	Stage 21, Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	U
	0.05 
	
	0.04 

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Rectangular
	0.01 
	
	0.01 

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	U
	0.05 
	
	0.04 

	13
	Quality of quiet zone
	Normal
	Not applicable
	Not applicable
	0.10 

	14
	Polarization mismatch for reference antenna
	Rectangular
	0.01 
	
	0.01 

	15
	Mutual coupling between the reference antenna and the receiving antenna
	Rectangular
	0.00 
	
	0.00 

	16
	Phase curvature 
	Normal
	Not applicable
	Not applicable
	0.05 

	17
	Uncertainty of the network analyzer
	Normal
	Not applicable
	Not applicable
	[FFS] 

	18
	Influence of the reference antenna feed cable
	Rectangular
	0.05 
	
	0.03 

	19
	
	Normal
	Not applicable
	Not applicable
	0.06 

	20
	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	0.05 
	
	0.03 

	21
	Influence of the receiving antenna feed cable
	Rectangular
	[FFS] 
	
	[FFS] 

	22
	
	Rectangular
	0.00 
	
	0.00 

	Combined standard uncertainty (1 σ)
	[FFS] 

	Expanded uncertainty (1.96σ – confidence interval of 95%)
	FFS] 



Table 10.3.1.1.1.5-1.2: EIRP measurement uncertainty with the Indoor Anechoic Chamber (3.0GHz<f≦4.2GHz) 

	UID
	Description of uncertainty contribution
	Uncertainty distribution
	Maximum value of the uncertainty
	Divisor
	Standard uncertainty

	Stage 21, DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	Rectangular
	0.03 
	
	0.02 

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	Rectangular
	0.3
	
	0.17 

	3
	Quality of quiet zone
	Normal
	Not applicable
	Not applicable
	0.10 

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	Rectangular
	0.01 
	
	0.01 

	5
	Mutual coupling between the AAS BS and the receiving antenna
	Rectangular
	0.00 
	
	0.00 

	6
	Phase curvature
	Normal
	Not applicable
	Not applicable
	0.05 

	7
	Uncertainty of the measurement equipment
	Normal
	Not applicable
	Not applicable
	[FFS] 

	8
	Impedance mismatch in the receiving chain
	U
	0.33 
	
	0.23 

	9
	Random uncertainty
	Rectangular
	0.1 
	
	0.06 

	Stage 21, Calibration measurement

	10
	Impedance mismatch between the transmitting antenna and the network analyzer
	U
	0.05 
	
	0.04 

	11
	Positioning and pointing misalignment between the reference antenna and the transmitting antenna
	Rectangular
	0.01 
	
	0.01 

	12
	Impedance mismatch between the reference antenna and network analyzer.
	U
	0.05 
	
	0.04 

	13
	Quality of quiet zone
	Normal
	Not applicable
	Not applicable
	0.10 

	14
	Polarization mismatch for reference antenna
	Rectangular
	0.01 
	
	0.01 

	15
	Mutual coupling between the reference antenna and the transmitting antenna
	Rectangular
	0.00 
	
	0.00 

	16
	Phase curvature 
	Normal
	Not applicable
	Not applicable
	0.05 

	17
	Uncertainty of the network analyzer
	Normal
	Not applicable
	Not applicable
	[FFS] 

	18
	Influence of the reference antenna feed cable
a) Flexing cables, adapters, attenuators, and connector repeatability
	Rectangular
	0.05 
	
	0.03 

	19
	Reference antenna feed cable loss measurement uncertainty
	Normal
	Not applicable
	Not applicable
	0.06 

	20
	Influence of the transmitting antenna feed cable
	a) Flexing cables, adapters, attenuators, and connector repeatability
	Rectangular
	0.05 
	
	0.03 

	21
	Uncertainty of the absolute gain of the reference antenna
	Rectangular
	[FFS] 
	
	[FFS] 

	22
	Uncertainty of the absolute gain of the transmitting antenna
	Rectangular
	0.00 
	
	0.00 

	Combined standard uncertainty (1 σ)
	[FFS] 

	Expanded uncertainty (1.96σ – confidence interval of 95%)
	FFS] 
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[bookmark: _Toc457290158]10.3.1.1.2.3 			Procedure
Stage 1: Calibration:
The calibration measurement is done by using a reference antenna (shown here as a SGH) with known efficiency or gain values. 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) from the DUT to the measurement receiver is calibrated out.  The following figure is used as a setup of a typical compact antenna test range (CATR).  



Figure 10.3.1.1.2.3-1 EIRP calibration system setup for CATR

1) Path loss calibration C→A:
a. Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna’s connector with a network analyser (or equivalent measurement equipment) to obtain 
b. Measure cable loss from point C to input of SGH, call this  which is the equivalent of 20log|S21| from the use of a network analyser
c. Calculate the combined total path loss from C→A by using the following expression
, where is the compensation for SGH connector return loss,  is the known gain of the reference SGH
2) Connect SGH and C↔A cable
3) To remove polarization(s) mismatch between range antenna (labelled as feeder antenna in diagram) and SGH use positions to position the SGH in the beam peak direction of range antenna
4) Measure path loss C→B with network analyzer LC→B = 20log|S21|
5) Calculate the test path loss compensation factor.  This is the total path loss between A↔B using the results from step 1c and 4. L =  - LC→B
Where   is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyzer)
Stage 2: Measurement:

1) Set up AAS BS in place of SGH from calibration stage.  Align DUT with beam peak direction of range antenna.
2) Configure TX branch and carrier at a time according to maximum power requirement
3) Set the AAS BS to transmit the test signal according to E-TM1.1 at 5 MHz bandwidth configuration
4) Measure mean power (Pmeas) of each carrier arriving at the measurement equipment (such as a network analyzer) denoted in Figure 10.3.1.1.2.2.-1
5) Calculate EIRP, where EIRP = Pmeas + LA→B
6) Calculate total EIRP = EIRPp1 + EIRPp2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
7) Repeat steps 2-6 for all conformance test beam direction pairs as described in TS 37.145-2 Section 6.2
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Table 10.3.1.1.2.4-1: CATR Far Field Uncertainty contributions in AAS EIRP measurement
	UID
	Description of uncertainty contribution
	Details in paragraph

	Stage 12, 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

	19
	Miscellaneous Uncertainty
	B2-14

	
	…
	…

	Stage 12, 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

	
	…
	…



< Next modified section >
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Stage 1: Calibration
Calibration shall account for the various factors affecting the measurements of the EIRP. These factors include components such as range length path loss, cable losses, gain of the receiving antenna, etc…Each measured data point for both radiated power and radiated sensitivity is transformed from a relative value in dB to an absolute value in dBm. For doing that the total path loss from the DUT to the measurement receiver, named L path loss shall be calibrated out. The calibration measurement is usually done by using a reference antenna with known gain. This approach is based on the so called gain-comparison method [14]. Figure 10.3.1.1.4.2-1 shows the typical configuration for measuring path loss:

[image: Typical Path Loss Measurement configurationFigure 10]

Figure 10.3.1.1.4.2-1 Typical Lpath loss measurement configuration
The Lpath loss can be determined from the power into the reference antenna by adding the gain of the reference antenna:
Piso=Pref+Gref
 so that:
Lpath loss=Pref+Gref-Ptest 
In order to determine Pref , a cable reference measurement shall be performed in order to calibrate out the A, and B paths. Assuming that the power at the source is fixed, it can be showed that:
Pref-Ptes=Prec’-Prec
Where Prec and Prec’ are the power measured at the receiver during the calibration measurement with the reference antenna and the power measured at the receiver during the cable reference measurement respectively. Lpath loss is then given by:
Lpath loss=Gref+Prec’-Prec
Stage 2: Measurement
The testing procedure consists of the following steps:
· AAS EIRP Near Field radiation pattern measurement
· This is performed with the AAS BS transmitting a defined modulated signal
· AAS EIRP Near Field to Far Field Transformation
· The EIRP Near field calibration is applied
AAS EIRP Near Field to Far Field Transformation
The Near Field to Far Field transformation is a mathematical computation which is applied to the Near Field measured radiation pattern in order to compute the Far Field radiation pattern. It is typically performed expanding the measured near filed over a set of orthogonal basis functions. The Near to Far field transform is then performed in two steps:
· Expansion (or projection) of the measured Near Field over a set of orthogonal basis functions in order to evaluate the transformed spectrum Emeas(r) = Spectrum * Fbasis(r)
· FF (EFF) computation using a the previuosly calculated spectrum and with the basis functions evaluated at r∞ : EFF = Spectrum * Fbasis(r  ∞)
When performing the near field to far field transformation, the EIRP gain calibration is applied so that the EIRP near field pattern will be transformed from relative power, dB to absolute power, dBm. In this specific case, the EIRP Far Field pattern is expressed in terms of the absolute power radiated by the AAS BS in the declared beam.
AAS BS radiated transmit power 
Once the full 3D Far Field EIRP pattern has been computed, the radiated transmit power can be derived.
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Table 10.3.1.1.4.3-1: Near Field Test Range Uncertainty contributors in AAS EIRP measurement
	UID
	Description of uncertainty contribution
	Details in paragraph
	Uncertainty Value
f≦3GHz
	Uncertainty Value
3GHz≦f<4.2GHz

	
	Stage 21, EIRP Near Field Radiation Pattern Measurement and EIRP Near Field DUT power measurement
	
	

	1
	Axes Intersection
	B.4.1
	0
	0

	2
	Axes Orthogonality
	B.4.2
	0
	0

	3
	Horizontal Pointing
	B.4.3
	0
	0

	4
	Probe Vertical Position
	B.4.4
	0
	0

	5
	Probe H/V pointing
	B.4.5
	0
	0

	6
	Measurement Distance
	B.4.6
	0
	0

	7
	Amplitude and Phase Drift
	B.4.7
	0
	0

	8
	Amplitude and Phase Noise
	B.4.8
	0.02
	0.02

	9
	Leakage and Crosstalk
	B.4.9
	0
	0

	10
	Amplitude Non-Linearity
	B.4.10
	0.04
	0.04

	11
	Amplitude and Phase Shift in rotary joints
	B.4.11
	0
	0

	12
	Channel Balance Amplitude and Phase
	B.4.12
	0
	0

	13
	Probe Polarization Amplitude and Phase
	B.4.13
	0.0001
	0.0001

	14
	Probe Pattern Knowledge
	B.4.14
	0
	0

	15
	Multiple Reflections
	B.4.15
	0
	0

	16
	Room Scattering
	B.4.16
	0.09
	0.09

	17
	DUT support Scattering
	B.4.17
	0
	0

	18
	Scan Area Truncation
	B.4.18
	0.003
	0.003

	19
	Sampling Point Offset
	B.4.19
	0.0058
	0.0058

	20
	Spherical Mode Truncation
	B.4.20
	0.015
	0.015

	21
	Positioning
	B.4.21
	0.03
	0.03

	22
	Probe Array Uniformity
	B.4.22
	0.055
	0.055

	23
	Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
	B.4.23
	0.2
	0.2

	24
	Insertion loss of receiver chain
	B.4.24
	0
	0

	25
	Uncertainty of the absolute gain of the probe antenna
	B.4.25
	0
	0

	26
	Measurement Receiver
a)uncertainty of the absolute power level
b)stability
c)stability over temperature
d)linearity
	B.4.26
	FFS
	FFS

	27
	Measurement repeatability – Positioning Repeatability
	B.4.27
	0.07
	0.07

	
	Stage 12, Calibration measurement
	
	

	28
	Uncertainty of network analyser
a)drift (temp, oscillators, filters, etc.) start to end time of   measurements
	B.4.28
	FFS
	FFS

	29
	Mismatch of receiver chain
	B.4.29
	0
	0

	30
	Insertion loss of receiver chain
	B.4.30
	0
	0

	31
	Mismatch in the connection of the calibration antenna
	B.4.31
	0.014
	0.014

	32
	Influence of the calibration antenna feed cable
	B.4.32
	0
	0

	33
	Influence of the probe antenna cable
	B.4.33
	0
	0

	34
	Uncertainty of the absolute gain of the calibration antenna
	B.4.34
	FFS
	FFS

	35
	Short term repeatability
	B.4.35
	0.088
	0.088

	
	Expanded uncertainty (2σ - confidence interval of 95%)
	
	FFS
	FFS
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The test consists of two stages, the calibration and the measurement. The test procedure is as follows: 
[image: ]
Fig. 10.3.2.1.1.2-1 Calibration system setup
Stage 1: Calibration: 
1) Connect the reference antenna and the transmitting antenna to RF in port and RF out port of the network analyzer, respectively, as shown in Fig. 10.3.2.1.1.2-1.
2) Install the reference antenna with its beam peak direction and the height of its phase centre aligned with the transmitting antenna. 
3) Set the centre frequency of the network analyzer to the carrier centre frequency of the tested signal for EIS measurement of AAS BS and measure LFEIS, D→E, which is equivalent to 20log|S21| (dB) obtained by the network analyzer.
LFEIS, E→D: Pathloss between E and D in Fig. 10.3.2.1.1.2-1.
4) Measure the cable loss, LFEIS, E→F, between the reference antenna connector and the network analyzer connector.
LFEIS, E→F: Cable loss between E and F in Fig. 10.3.2.1.1.2-1,   
5) Calculate the calibration value between A and D with the following formula:
LEIS_cal, A→D = LFEIS, E→D + GREF_ANT_EIS, A→F –LFEIS, E→F 
LEIS_cal, A→D:  Calibration value between  A and D in Fig. 10.3.2.1.1.2-1. 
6) GREF_ANT_EIS, A→F: Antenna gain of the reference antenna . 
Stage 2: Measurement: 
6) Uninstall the reference antenna and install the AAS with its manufacturer declared coordinate system reference point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate system orientation of the AAS is set to be aligned with testing system.
7) Set the AAS BS to be satisfied with the sensitivity RoAoA covering conformance testing receiving direction.
8) Rotate the AAS to make the conformance testing receiving direction aligned with the beam peak direction of the reference antenna at the calibration stage.
9) For FDD AAS BS start BS transmission according to [E-TM 1.1] at manufacturer’s declared rated output power. 
10) Set the test signal mean power at the RF signal source generator as the declared minimum EIS level plus LEIS_cal, A→D  and the reference measurement channel as given in subclause 7.2.5 of TS36.141.
11) Measure the throughput according to Annex E of the TS36.141.
12) Repeat the above steps 7)~11) per conformance testing direction.
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Table 10.3.2.1.1.3-1: Indoor Anechoic Chamber Uncertainty contributions 
for AAS BS EIS measurement
	UID
	Description of uncertainty contribution
	Details in paragraph

	Stage 21, DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	C1-1

	2
	Pointing misalignment between the AAS BS and the transmitting antenna.
	C1-2

	3
	Quality of quiet zone
	C1-3

	4
	Polarization mismatch between the AAS BS and the transmitting antenna
	C1-4

	5
	Mutual coupling between the AAS BS and the transmitting antenna
	C1-5

	6
	Phase curvature
	C1-6

	7
	Uncertainty of the RF signal source generator
	C1-7

	8
	Impedance mismatch in the transmitting chain
	C1-8

	9
	Random uncertainty
	C1-9

	Stage 12, Calibration measurement

	10
	Impedance mismatch between the transmitting antenna and the network analyzer
	C1-10

	11
	Positioning and pointing misalignment between the reference antenna and the transmitting antenna
	C1-11

	12
	Impedance mismatch between the reference antenna and network analyzer.
	C1-12

	13
	Quality of quiet zone
	C1-3

	14
	Polarization mismatch for reference antenna
	C1-4

	15
	Mutual coupling between the reference antenna and the transmitting antenna
	C1-5

	16
	Phase curvature 
	C1-6

	17
	Uncertainty of the network analyzer
	C1-13

	18
	Influence of the reference antenna feed cable
	a)	Flexing cables, adapters, attenuators, and connector repeatability
	C1-14

	19
	Reference antenna feed cable loss measurement uncertainty
	C1-15

	20
	Influence of the transmitting antenna feed cable
	a)	Flexing cables, adapters, attenuators, and connector repeatability
	C1-16

	21
	Uncertainty of the absolute gain of the reference antenna
	C1-17

	22
	Uncertainty of the absolute gain of the transmitting antenna
	C1-18
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Table 10.3.2.1.1.4-1.1: EIS measurement uncertainty with the Indoor Anechoic Chamber 
(f≦3.0GHz)
	UID
	Description of uncertainty contribution
	Uncertainty distribution
	Maximum value of the uncertainty
	Divisor
	Standard uncertainty

	Stage 21, DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	Rectangular
	0.03 
	
	0.02 

	2
	Pointing misalignment between the AAS BS and the transmitting antenna.
	Rectangular
	0.3
	
	0.17 

	3
	Quality of quiet zone
	Normal
	Not applicable
	Not applicable
	0.10 

	4
	Polarization mismatch between the AAS BS and the transmitting antenna
	Rectangular
	0.01 
	
	0.01 

	5
	Mutual coupling between the AAS BS and the transmitting antenna
	Rectangular
	0.00 
	
	0.00 

	6
	Phase curvature
	Normal
	Not applicable
	Not applicable
	0.05 

	7
	Uncertainty of the RF signal generator
	Normal
	Not applicable
	Not applicable
	0.46

	8
	Impedance mismatch in the transmitting chain
	U
	[0.20] 
	
	[0.14] 

	9
	Random uncertainty
	Rectangular
	0.1 
	
	0.06 

	Stage 12, Calibration measurement

	10
	Impedance mismatch between the transmitting antenna and the network analyzer
	U
	0.05 
	
	0.04 

	11
	Positioning and pointing misalignment between the reference antenna and the transmitting antenna
	Rectangular
	0.01 
	
	0.01 

	12
	Impedance mismatch between the reference antenna and network analyzer.
	U
	0.05 
	
	0.04 

	13
	Quality of quiet zone
	Normal
	Not applicable
	Not applicable
	0.10 

	14
	Polarization mismatch for reference antenna
	Rectangular
	0.01 
	
	0.01 

	15
	Mutual coupling between the reference antenna and the transmitting antenna
	Rectangular
	0.00 
	
	0.00 

	16
	Phase curvature 
	Normal
	Not applicable
	Not applicable
	0.05 

	17
	Uncertainty of the network analyzer
	Normal
	Not applicable
	Not applicable
	0.13

	18
	Influence of the reference antenna feed cable
a) Flexing cables, adapters, attenuators, and connector repeatability
	Rectangular
	0.05 
	
	0.03 

	19
	Reference antenna feed cable loss measurement uncertainty
	Normal
	Not applicable
	Not applicable
	0.06 

	20
	Influence of the transmitting antenna feed cable
	a) Flexing cables, adapters, attenuators, and connector repeatability
	Rectangular
	0.05 
	
	0.03 

	21
	Uncertainty of the absolute gain of the reference antenna
	Rectangular
	0.5
	
	0.29

	22
	Uncertainty of the absolute gain of the transmitting antenna
	Rectangular
	0.00 
	
	0.00 

	Combined standard uncertainty (1 σ)
	[0.45]

	Expanded uncertainty (1.96σ – confidence interval of 95%)
	[0.88] 



Table 10.3.2.1.1.4-1.2: EIS measurement uncertainty with the Indoor Anechoic Chamber 
 (3.0GHz<f≦4.2GHz) 

	UID
	Description of uncertainty contribution
	Uncertainty distribution
	Maximum value of the uncertainty
	Divisor
	Standard uncertainty

	Stage 21, DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	Rectangular
	0.03 
	
	0.02 

	2
	Pointing misalignment between the AAS BS and the transmitting antenna.
	Rectangular
	0.3
	
	0.17 

	3
	Quality of quiet zone
	Normal
	Not applicable
	Not applicable
	0.10 

	4
	Polarization mismatch between the AAS BS and the transmitting antenna
	Rectangular
	0.01 
	
	0.01 

	5
	Mutual coupling between the AAS BS and the transmitting antenna
	Rectangular
	0.00 
	
	0.00 

	6
	Phase curvature
	Normal
	Not applicable
	Not applicable
	0.05 

	7
	Uncertainty of the RF signal generator
	Normal
	Not applicable
	Not applicable
	0.46

	8
	Impedance mismatch in the transmitting chain
	U
	[0.23] 
	
	[0.16] 

	9
	Random uncertainty
	Rectangular
	0.1 
	
	0.06 

	Stage 12, Calibration measurement

	10
	Impedance mismatch between the transmitting antenna and the network analyzer
	U
	0.05 
	
	0.04 

	11
	Positioning and pointing misalignment between the reference antenna and the transmitting antenna
	Rectangular
	0.01 
	
	0.01 

	12
	Impedance mismatch between the reference antenna and network analyzer.
	U
	0.05 
	
	0.04 

	13
	Quality of quiet zone
	Normal
	Not applicable
	Not applicable
	0.10 

	14
	Polarization mismatch for reference antenna
	Rectangular
	0.01 
	
	0.01 

	15
	Mutual coupling between the reference antenna and the transmitting antenna
	Rectangular
	0.00 
	
	0.00 

	16
	Phase curvature 
	Normal
	Not applicable
	Not applicable
	0.05 

	17
	Uncertainty of the network analyzer
	Normal
	Not applicable
	Not applicable
	0.20

	18
	Influence of the reference antenna feed cable
a) Flexing cables, adapters, attenuators, and connector repeatability
	Rectangular
	0.05 
	
	0.03 

	19
	Reference antenna feed cable loss measurement uncertainty
	Normal
	Not applicable
	Not applicable
	0.06 

	20
	Influence of the transmitting antenna feed cable
	a) Flexing cables, adapters, attenuators, and connector repeatability
	Rectangular
	0.05 
	
	0.03 

	21
	Uncertainty of the absolute gain of the reference antenna
	Rectangular
	0.3
	
	0.25

	22
	Uncertainty of the absolute gain of the transmitting antenna
	Rectangular
	0.00 
	
	0.00 

	Combined standard uncertainty (1 σ)
	[0.57]

	Expanded uncertainty (1.96σ – confidence interval of 95%)
	[1.11]
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Stage 1: Calibration:
The calibration measurement is done by using a reference antenna (shown here as a SGH) with known efficiency or gain values. In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (A↔B) from the DUT to the measurement receiver is calibrated out.  The following figure is used as a setup of a typical compact antenna test range (CATR).  



Figure 10.3.1.1.2.2-1 EIS calibration system setup for CATR

1) Path loss calibration C→A:
a) Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna’s connector with a network analyser (or equivalent measurement equipment) to obtain 
b) Measure cable loss from point C to input of SGH, call this  which is the equivalent of 20log|S21| from the use of a network analyser
c) Calculate the combined total path loss from C→A by using the following expression , where is the compensation for SGH connector return loss,,  is the known gain of the reference SGH
2) Connect SGH and C↔A cable
3) To remove polarization(s) mismatch between range antenna (labelled as feeder antenna in diagram) and SGH use positions to position the SGH in the beam peak direction of range antenna
4) Measure path loss C→B with network analyzer LC→B = 20log|S21|
5) Calculate the test path loss compensation factor.  This is the total path loss between A↔B using the results from step 1c and 4. L =  - LC→B

Where   is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyzer)
Stage 2: Measurement:
1)	Set up AAS BS in place of SGH from calibration stage.  Align AAS BS with beam peak direction of range antenna.
2)	Configure signal generator, one port (polarization) and one carrier at a time according to maximum power requirement
3)	Start with signal level at sensitivity level using FRC A1-3 in 3GPP TS 36.104 configuration
4)	Calculate EIS per port (polarization) at this point with EIS = PBER - LA→B
5)	Repeat steps 2-6 for all conformance test beam direction pairs as described in TS 37.145-2 Section 6.2
[bookmark: _Toc457290184]10.3.2.1.2.3 	Uncertainty budget format
Table 10.3.2.1.2.3 -1: CATR Far Field Uncertainty contributions in AAS EIS measurement
	UID
	Description of uncertainty contribution
	Details in paragraph

	Stage 12, DUT measurement

	1
	
Misalignment DUT & pointing error
	
C2-1

	2
	Standing wave between DUT and test range antenna
	
C2-2

	3
	Signal Generator Uncertainty
	C2-12

	4
	RF leakage & dynamic range, 
	a) feeder package terminated
	b) DUT terminated
	
C2-3

	5
	QZ ripple DUT
	
C2-4

	19
	Miscellaneous uncertainty
	C2-13

	
	…
	…

	Stage 12, Calibration measurement

	6
	Uncertainty of network analyser and/or  signal generator
	a) drift (temp, oscillators, filters, etc.) start to end time of   measurements
	
C2-5

	7
	Mismatch of transmitter chain
	
C2-6

	8
	Insertion loss of transmitter chain
	
C2-7

	9
	RF leakage & dynamic range
	
C2-8

	10
	Influence of the calibration antenna feed cable
	a)	Flexing cables, adapters, attenuators & connector repeatability
	
C2-9

	11
	Uncertainty of the absolute gain of calibration antenna
	
C2-10

	12
	Uncertainty due to antenna mounting apparatus or rotary joints
	
C2-11

	13
	Quality of quiet zone
	
C2-4

	14
	Rotary Joints
	C2-14

	15
	Misalignment positioning system
	C2-15

	16
	Misalignment calibration antenna
	C2-1

	17
	Standing wave between DUT and test range antenna
	C2-16

	18
	Switching Uncertainty
	C2-17

	
	…
	…



< Next modified section >
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Stage 1: Calibration 
Calibration shall account for the various factors affecting the measurements of the EIS. These factors include components such as range length path loss, cable losses, gain of the receiving antenna, etc…Each measured data point for radiated sensitivity is transformed from a relative value in dB to an absolute value in dBm. For doing that the total path loss from the DUT to the measurement receiver, named L path loss shall be calibrated out. The calibration measurement is usually done by using a reference antenna with known gain. This approach is based on the so called gain-comparison method [14]. Figure 10.3.1.1.4.3-1 shows the typical configuration for measuring path loss:

[image: Typical Path Loss Measurement configurationFigure 10]

Figure 10.3.1.1.4.3-1 Typical Lpath loss measurement configuration
The Lpath loss can be determined from the power into the reference antenna by adding the gain of the reference antenna:
Piso=Pref+Gref
 so that:
Lpath loss=Pref+Gref-Ptest 
In order to determine Pref , a cable reference measurement shall be performed in order to calibrate out the A, and B paths. Assuming that the power at the source is fixed, it can be showed that:
Pref-Ptes=Prec’-Prec
Where Prec and Prec’ are the power measured at the receiver during the calibration measurement with the reference antenna and the power measured at the receiver during the cable reference measurement respectively. Lpath loss is then given by:
Lpath loss=Gref+Prec’-Prec
Stage 2: Measurement
The testing procedure consists in the following steps:
· AAS EIS Near Field radiation pattern measurement
· This is performed when the AAS will be receiving a defined modulated signal
· AAS EIS Near Field Sensitivity Measurement
· This is performed by measuring the sensitivity in Near Field when a modulated signal is received by the AAS
· AAS EIS Near Field to Far Field Transformation
Sensitivity measurement is applied
AAS EIS Near Field to Far Field Transformation
The Near Field to Far Field transformation is a mathematical computation which is applied to the Near Field measured radiation pattern in order to compute the Far Field radiation pattern. It is typically performed expanding the measured near filed over a set of orthogonal basis functions. The Near to Far field transform is then performed in two steps:
· Expansion (or projection) of the measured Near Field over a set of orthogonal basis functions in order to evaluate the transformed spectrum Emeas(r) = Spectrum * Fbasis(r)
· FF (EFF) computation using a the previuosly calculated spectrum and with the basis functions evaluated at r∞ : EFF = Spectrum * Fbasis(r  ∞)
When performing the near field to far field transformation, the EIS sensitivity measurement is applied so that the EIS near field pattern will be transformed from relative power, dB to absolute power, dBm. In this specific case, the EIS Far Field pattern is expressed in terms of the absolute power received by the AAS.
AAS OTA Sensitivity 
Once the full 3D Far Field EIS pattern has been computed, the OTA sensitivity can be derived.
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Table 10.3.2.1.4.4-1: Near Field Test Range Uncertainty contributors in AAS EIS measurement

	UID
	Description of uncertainty contribution
	Details in paragraph
	Uncertainty Value
f≦3GHz
	Uncertainty Value
3GHz≦f<4.2GHz

	
	Stage 21, EIS Near Field Radiation Pattern Measurement and EIS Near Field DUT power measurement
	
	

	1
	Axes Intersection
	C.4.1
	0
	0

	2
	Axes Orthogonality
	C.4.2
	0
	0

	3
	Horizontal Pointing
	C.4.3
	0
	0

	4
	Probe Vertical Position
	C.4.4
	0
	0

	5
	Probe H/V pointing
	C.4.5
	0
	0

	6
	Measurement Distance
	C.4.6
	0
	0

	7
	Amplitude and Phase Drift
	C.4.7
	0
	0

	8
	Amplitude and Phase Noise
	C.4.8
	0.02
	0.02

	9
	Leakage and Crosstalk
	C.4.9
	0
	0

	10
	Amplitude Non-Linearity
	C.4.10
	0.04
	0.04

	11
	Amplitude and Phase Shift in rotary joints
	C.4.11
	0
	0

	12
	Channel Balance Amplitude and Phase
	C.4.12
	0
	0

	13
	Probe Polarization Amplitude and Phase
	C.4.13
	0.0001
	0.0001

	14
	Probe Pattern Knowledge
	C.4.14
	0
	0

	15
	Multiple Reflections
	C.4.15
	0
	0

	16
	Room Scattering
	C.4.16
	0.09
	0.09

	17
	DUT support Scattering
	C.4.17
	0
	0

	18
	Scan Area Truncation
	C.4.18
	0.003
	0.003

	19
	Sampling Point Offset
	C.4.19
	0.0058
	0.0058

	20
	Spherical Mode Truncation
	C.4.20
	0.015
	0.015

	21
	Positioning
	C.4.21
	0.03
	0.03

	22
	Probe Array Uniformity
	C.4.22
	0.055
	0.055

	23
	Mismatch of transmitter chain (i.e. between receiving antenna and vector signal generator)
	C.4.23
	0.2
	0.2

	 24
	Insertion loss of transmitter chain
	C.4.24
	0
	0

	25
	Uncertainty of the absolute gain of the probe antenna
	C.4.25
	0
	0

	26
	Vector Signal Generator
a)uncertainty of the absolute power level
b)stability
c)stability over temperature
d)linearity
	C.4.26
	FFS
	FFS

	27
	Measurement repeatability – Positioning Repeatability
	C.4.27
	0.15
	0.15

	
	Stage 12, Calibration measurement
	
	

	28
	Uncertainty of network analyser
a)drift (temp, oscillators, filters, etc.) start to end time of   measurements
	C.4.28
	FFS
	FFS

	29
	Mismatch of transmitter chain
	C.4.29
	0.05
	0.05

	30
	Insertion loss of transmitter chain
	C.4.30
	0
	0

	31
	Mismatch in the connection of the calibration antenna
	C.4.31
	0.014
	0.014

	32
	Influence of the calibration antenna feed cable
	C.4.32
	0
	0

	33
	Influence of the probe antenna cable
	C.4.33
	0
	0

	34
	Uncertainty of the absolute gain of the calibration antenna
	C.4.34
	FFS
	FFS

	35
	Short term repeatability
	C.4.35
	0.088
	0.088

	
	Expanded uncertainty (2σ - confidence interval of 95%)
	
	FFS
	FFS
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B1-1 Positioning misalignment between the AAS BS and the reference antenna
This contribution originates from the misalignment of the manufacturer declared coordinate system reference pointof the AAS BS and the phase centre of the reference antenna. The uncertainty makes the space propagation loss between the AAS BS and the receiving antenna at the DUT measurement stage (i.e. Stage 2) different from the space propagation loss between the reference antenna and the receiving antenna at the calibration stage (i.e. Stage 1).
B1-2 Pointing misalignment between the AAS BS and the receiving antenna.
This contribution originates from the misalignment of the testing direction and the beam peak direction of the receiving antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam.
B1-3 Quality of quiet zone
This contribution originates from a reflectivity level of an anechoic chamber. The reflectivity level is determined from the average standard deviation of the electric field in the quiet zone. By repeating a free space VSWR measurement in 15-degree grid in elevation and azimuth, 264 standard deviation values in both polarizations are determined. From these values an average standard deviation of electric field in the quiet zone can be calculated from the equation:

 
where

	 is the number of angular intervals in elevation,

	 is the number of angular intervals in azimuth and


	 is elevation of single measurement .


If an efficiency calibration with omni-directional calibration antenna is performed, the effect of reflectivity level decreases in Stage 12 (i.e. calibration measurement) and  may be divided by factor 2. This is due to correcting impact of data averaging in this type of calibration. Efficiency calibration done with sampling step ≤ 30°, can be considered to have at least four independent samples.  may be divided by factor 2 also in Sstage 21 (i.e. DUT measurement) for the same reason.
It’s likely that asymmetry of the field probe will have a very small impact on this measurement uncertainty contributor, however, an upper bound to probe symmetry should be considered.
B1-4 Polarization mismatch between the AAS BS/reference antenna and the receiving antenna
This contribution originates from the misaligned polarization between the AAS BS/reference antenna and the receiving antenna. 
B1-5 Mutual coupling between the AAS BS/reference antenna and the receiving antenna
This contribution originates from mutual coupling between the AAS BS/reference antenna and the receiving antenna. Mutual coupling degrades not just the antenna efficiency, i. e. the EIRP value, but it can alter the antenna’s radiation pattern as well.  For indoor anechoic chamber, usually the spacing between the AAS BS/reference antenna and the receiving antennas is large enough so that the level of mutual coupling might be negligible. 
B1-6 Phase curvature
This contribution originates from the finite far-field measurement distance, which causes phase curvature across the antenna of AAS BS/reference antenna.
B1-7 Uncertainty of the measurement equipment
This contribution originates from limited absolute level accuracy and non-linearity of the measurement equipment. The measurement equipment such as a Base Station Simulator (BSS), spectrum analyzer (SA), or power meter (PM) measures the received signal level in EIRP tests either as an absolute level or as a relative level. The uncertainty value will be indicated in the manufacturer’s data sheet in logs.
B1-8 Impedance mismatch in the receiving chain
This contribution originates from multiple reflections between the receiving antenna and the measurement equipment.  The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.
B1-9 Random uncertainty
The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference DUT without changing anything in the measurement set-up. 
B1-10 Impedance mismatch between the receiving antenna and the network analyzer 
This contribution originates from multiple reflections between the receiving antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the receiving antenna feed cable and the receiving antenna.
B1-11 Positioning and pointing misalignment between the reference antenna and the receiving antenna
This contribution originates from reference antenna alignment and pointing error.  In this measurement if the maximum gain directions of the reference antenna and the receiving antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
B1-12 Impedance mismatch between the reference antenna and the network analyzer
This contribution originates from multiple reflections between the reference antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the reference antenna feed cable and the reference antenna.  
B1-13 Uncertainty of the network analyzer
This contribution originates from all uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer. The uncertainty value will be indicated in the manufacturer’s data sheet in logs.  . 
B1-14 Influence of the reference antenna feed cable
In the calibration Sstage 1, the influence of the calibration antenna feed cable shall be assessed by measurements. A measurement for calibration may be repeated with a reasonably differing routing of the feed cable. Largest difference among the results is entered to the uncertainty budget with a rectangular distribution. 
B1-15 Reference antenna feed cable loss measurement uncertainty
Before performing the calibration, the reference antenna feed cable loss have to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced. 
B1-16 Influence of the receiving antenna feed cable
If the probe antenna is directional (i.e. peak gain >+5dBi e.g. horn, LPDA, etc.) and the same probe antenna cable configuration is used for both stages, the uncertainty is considered systematic and constant  0.00dB value.
In other cases a technical study should be done.
B1-17 Uncertainty of the absolute gain of the reference antenna
This contribution originates from the gain/efficiency uncertainty of calibration antenna that is employed in Stage 21 only. This uncertainty value will be indicated in the manufacturer’s data in logs with a rectangular distribution, unless otherwise informed.
B1-18 Uncertainty of the absolute gain of the receiving antenna
The uncertainty appears in both stages and it is thus considered systematic and constant  0.00dB value.  
[bookmark: _Toc457290217]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.
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 Sstage 1, 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 Stage 1 and the measurement Sstage 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 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. 
B2-14 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
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.
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B.4.1	Axes Intersection
This is a mechanical uncertainty term and aim to find the uncertainty related with the lateral displacement between the horizontal and vertical axes of the DUT positioner. This can result in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
B.4.2	Axes Orthogonality
The difference from 90° of the angle between the horizontal and vertical axes also results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
B.4.3	Horizontal Pointing
The horizontal mispointing of the horizontal axis to the probe reference point for Theta=0° also results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
B.4.4	Probe Vertical position
The vertical displacement of the probe reference point from the horizontal axis results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
B.4.5	Probe Horizontal/Vertical pointing
The horizontal or vertical mispointing of the probe z-axis from the intersection point of the horizontal/vertical axis. This uncertainty is assumed to have a uniform distribution. 
B.4.6	Measurement distance
This is the knowledge of the distance between the intersection point of the horizontal and vertical axis and probe reference point. This uncertainty is assumed to have a uniform distribution.
B.4.7	Amplitude and phase drift
The system drift due to temperature variations causes the signal at DUT location to drift in amplitude and phase. This uncertainty is assumed to have a uniform distribution.
B.4.8	Amplitude and phase noise
This uncertainty is due to the noise level of the test range so that the S/N ratio should be determined or measured at the DUT location. The noise level is usually measured with a Spectrum Analyzer. This uncertainty is assumed to have a uniform distribution.
B.4.9	Leakage and Crosstalk
This uncertainty can be addressed by measurements on the actual system setup. The leakage and crosstalk cannot be separated from the random amplitude and phase errors so that the relative importance should be determined. This uncertainty is assumed to have a normal distribution.
B.4.10	Amplitude non-Linearity
This uncertainty is the linearity of the receiver used for the measurement. It can be taken from the data sheet of the receiver.
B.4.11	Amplitude and phase shift in rotary joint
This uncertainty is due to the variation of the rotary joint. It can be measured and is assumed to have a uniform distribution.
B.4.12	Channel balance amplitude and phase
This uncertainty is relevant for systems which are using dual polarized probes and polarization switches. The amplitude and phase difference between two signal channels of the receiver includes the difference between the probe ports, difference between the channels of the polarization switch, connecting cables and reflection coefficients. This uncertainty is assumed to have a uniform distribution.
B.4.13	Probe polarization amplitude and phase
The amplitude and phase of the probe polarization coefficients should be measured. This uncertainty is assumed to have a uniform distribution.
B.4.14	Probe pattern knowledge
The probe/s pattern/s is assumed to be known so that the DUT measurement in near field can be corrected when performing the near field to far field transform. There is no direct dependence between the DUT pattern and the probe pattern in near field measurements. This uncertainty is assumed to have a uniform distribution.
B.4.15	Multiple reflections
The multiple reflections occur when a portion of the transmitted signal is reflected form the receiving antenna back to the transmitting antenna and re-reflected by the transmitting antenna back to the receiving antenna. This uncertainty can be determined by multiple measurements of the DUT when at different distance from the probes. This uncertainty is assumed to have a uniform distribution.
B.4.16	Room scattering
As for the multiple reflections, a portion of the transmitted signal is reflected by either the absorbers or other structures in the measurement anechoic chamber before being received by the receiving antenna. This effect can be isolated from the multiple reflections by testing the DUT in different positions, separated by λ/4 with respect to the anechoic chamber and comparing these measurements with the reference. This uncertainty is assumed to have a uniform distribution.
B.4.17	DUT support scattering
This is the uncertainty due to the DUT supporting structure on the signal level. This uncertainty is assumed to have a uniform distribution.
B.4.18	Scan area truncation
This uncertainty does affect the near field measurement. It can be addressed by comparing the measurement result when scanning the full area. This uncertainty is assumed to have a uniform distribution.
B.4.19	Sampling point offset
This uncertainty has an influence in near field and far field. It is assumed to have a uniform distribution.
B.4.20	Spherical Mode truncation
The measured near field is expanded using a finite set of spherical modes. The number of modes is linked to number of samples. The filtering effect generated by the finite number of modes can improve measurement results by removing signals from outside the physical area of the DUT. Care must be taken in order to make sure the removed signals are not from the DUT itself. This uncertainty is usually negligible.
B.4.21	Positioning
The relative position of the probe array is not ideal. This uncertainty is assumed to have a uniform distribution.
B.4.22	Probe array uniformity
This is the uncertainty due to the fact that different probes are used for each physical position. Different probes have different radiation patterns. Generally, the probe array is calibrated so that the uniformity of the probes is achieved. 
B.4.23	Mismatch of receiver chain
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 [15]. This uncertainty is assumed to have a U-shaped distribution
B.4.24	Insertion loss of receiver chain
It is composed of the following:
· Insertion loss of the probe antenna cable
· Insertion loss of the probe antenna attenuator (if used)
Insertion loss of RF relays (if used)If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00dB value. This uncertainty is assumed to have a uniform distribution.
B.4.25	Uncertainty of the absolute gain of the probe antenna
This uncertainty appears in the both stages and it is thus considered systematic and constant 0.00dB value.
B.4.26	Measurement Receiver
This uncertainty is composed of three uncertainties being:
· absolute power level
· stability
· stability over temperature
· linearity
The expanded uncertainty is the Root Square Sum (RSS) of the standard uncertainties for each uncertainty contributors. Each uncertainty can be taken from the instrument data sheet and is assumed to have a uniform distribution.
B.4.27	Measurement Repeatability – Positioning Repeatability
This uncertainty is due to the repositioning of the DUT in the test setup. It can be addressed by repeating the corresponding measurement 5 times. Calculate the standard deviation of the metric obtained and use that as the measurement uncertainty. For tests that require multiple setups, the worst-case standard deviation shall be used. This uncertainty is assumed to have a uniform distribution.

B.4.28	Uncertainty of Vector Network Analyzer
This uncertainty includes the all uncertainties involved in the S21 measurement with a vector network analyzer, and will be calculated from the manufacturer’s data sheet. This uncertainty is assumed to have a uniform distribution.
B.4.29	Mismatch of receiver chain
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 [15]. This uncertainty is assumed to have a U-shaped distribution
B.4.30	Insertion loss of receiver chain
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00dB value. This uncertainty is assumed to have a uniform distribution.
B.4.31	Mismatch in the connection of the calibration antenna
This is the uncertainty from the mismatch in the connection between the system coax cable and the calibration antenna. It should be measured or determined by the method described in [15]. This uncertainty is assumed to have a U-shaped distribution.
B.4.32	Influence of the calibration antenna feed cable
This uncertainty is due to the impact of the feeding cable on the radiation properties of the calibration antenna. In case of using either a standard horn or standard gain horn, the impact of the cable is to be considered negligible thus the uncertainty  0.00dB value. In case of using a dipole-like antenna, the uncertainty should be addressed by measuring this impact. This uncertainty is assumed to have a uniform distribution.
B.4.33	Influence of the probe antenna cable
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00dB value. This uncertainty is assumed to have a uniform distribution
B.4.34	Uncertainty of the absolute gain of the calibration antenna
The calibration antenna only appears in Stage 12. Therefore, the gain/efficiency uncertainty has to be taken into account. This uncertainty will be calculated from the manufacturer’s calibration certificate and is assumed to have a uniform distribution, unless otherwise informed (see clause 5.1.2 in [16]).
If the manufacturer’s calibration certificate does not give the information, the value has to be checked, see annex A-12 in [17]
B.4.35 Short term repeatability
It can be addressed by performing a repeatability test of the calibration antenna. This uncertainty is assumed to have a uniform distribution.
[bookmark: _Toc457290219]Annex C: OTA sensitivity measurement error contribution descriptions
[bookmark: _Toc457290220]C.1	Indoor Anechoic Chamber
C1-1 Positioning misalignment between the AAS BS and the reference antenna
This contribution originates from the misalignment of the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the reference antenna. The uncertainty makes the space propagation loss between the AAS BS and the transmitting antenna at the DUT measurement stage (i.e. Stage 2) different from the space propagation loss between the reference antenna and the transmitting antenna at the calibration stage (i.e. Stage 1).
C1-2 Pointing misalignment between the AAS BS and the transmitting antenna.
This contribution originates from the misalignment of the testing direction and the beam peak direction of the transmitting antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam.
C1-3 Quality of quiet zone
This contribution originates from a reflectivity level of an anechoic chamber. The reflectivity level is determined from the average standard deviation of the electric field in the quiet zone. By repeating a free space VSWR measurement in 15-degree grid in elevation and azimuth, 264 standard deviation values in both polarizations are determined. From these values an average standard deviation of electric field in the quiet zone can be calculated from the equation:

 
where

	 is the number of angular intervals in elevation,

	 is the number of angular intervals in azimuth and


	 is elevation of single measurement .


If an efficiency calibration with omni-directional calibration antenna is performed, the effect of reflectivity level decreases in Stage 12 (i.e. calibration measurement) and  may be divided by factor 2. This is due to correcting impact of data averaging in this type of calibration. Efficiency calibration done with sampling step ≤ 30°, can be considered to have at least four independent samples.  may be divided by factor 2 also in Sstage 21 (i.e. DUT measurement) for the same reason.
It’s likely that asymmetry of the field probe will have a very small impact on this measurement uncertainty contributor, however, an upper bound to probe symmetry should be considered.
C1-4 Polarization mismatch between the AAS BS/reference antenna and the transmitting antenna
This contribution originates from the misaligned polarization between the AAS BS/reference antenna and the transmitting antenna. 
C1-5 Mutual coupling between the AAS BS/reference antenna and the transmitting antenna
This contribution originates from mutual coupling between the AAS BS/reference antenna and the transmitting antenna. Mutual coupling degrades not just the antenna efficiency, but it can alter the antenna’s radiation pattern as well.  For indoor anechoic chamber, usually the spacing between the transmitting antenna and the AAS BS/reference antenna is large enough so that the level of mutual coupling might be negligible. 
C1-6 Phase curvature
This contribution originates from the finite far-field measurement distance, which causes phase curvature across the antenna of the AAS BS/reference antenna.
C1-7 Uncertainty of the RF signal generator
The use of this signal generator introduces an uncertainty on the absolute output level. The uncertainty value will be indicated in the manufacturer’s data sheet in logs.
C1-8 Impedance mismatch in the transmitting chain
This contribution originates from multiple reflections between the transmitting antenna and the signal generator.  The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.
C1-9 Random uncertainty
The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference DUT without changing anything in the measurement set-up.
C1-10 Impedance mismatch between the transmitting antenna and the network analyzer
This contribution originates from multiple reflections between the transmitting antenna and the network analyzer.  After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the transmitting antenna feed cable and the transmitting antenna. 
C1-11 Positioning and pointing misalignment between the reference antenna and the transmitting antenna
This contribution originates from reference antenna alignment and pointing error.  In this measurement if the maximum gain direction of the reference antenna and the transmitting antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
C1-12 Impedance mismatch between the reference antenna and the network analyzer
This contribution originates from multiple reflections between the reference antenna and the network analyzer.  After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the transmitting antenna feed cable and the transmitting antenna.
C1-13 Uncertainty of the network analyzer
This uncertainty includes the all uncertainties involved in the S21 measurement with a network analyzer, and will be calculated from the manufacturer’s data in logs.
C1-14 Influence of the reference antenna feed cable
 In the calibration sStage 1, the influence of the calibration antenna feed cable shall be assessed by measurements. A measurement for calibration may be repeated with a reasonably differing routing of the feed cable. Largest difference among the results is entered to the uncertainty budget with a rectangular distribution.
C1-15 Reference antenna feed cable loss measurement uncertainty
Before performing the calibration, the reference antenna feed cable loss have to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced. 
C1-16 Influence of the transmitting antenna feed cable
If the probe antenna is directional (i.e. peak gain >+5dBi e.g. horn, LPDA, etc.) and the same probe antenna cable configuration is used for both stages, the uncertainty is considered systematic and constant  0.00dB value.
C1-17 Uncertainty of the absolute gain of the reference antenna
This contribution originates from the gain/efficiency uncertainty of calibration antenna that is employed in Stage 12 only. This uncertainty value will be indicated in the manufacturer’s data in logs with a rectangular distribution, unless otherwise informed.
C1-18 Uncertainty of the absolute gain of the transmitting antenna
The uncertainty appears in both stages and it is thus considered systematic and constant  0.00dB value.  
[bookmark: _Toc457290221]C.2	Compact Antenna Test Range
C2-1 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. For antennas used as a calibration reference, the position of the phase centre varies with frequency, therefore the phase centre could be at any point within the tapered sections.
C2-2 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.
C2-3 RF leakage & dynamic range
This contribute denotes noise leaking in to connectors and cables between test range antenna and receiving equipment.  
C2-4 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 EIS measurement.  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
C2-5	Uncertainty of network analyser and / or signal generator
	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.  
C2-6 Mismatch of transmit chain (i.e. between transmitting measurement antenna and DUT)
This uncertainty is the residual uncertainty contribution coming from multiple reflections between the transmitting antenna and the signal generation equipment.  This value can be captured through measurement by measuring the S11 towards the transmit antenna and also towards the test signal generator equipment.  The mismatch between the antenna reflection and the transmit reflection can also be calculated.
C2-7 Insertion loss of transmit 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 DUT measurement Sstage 2, the uncertainty is assumed to be systematic.  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 measurement antenna.
IL = -20log10|S21| dB
C2-8 RF leakage & dynamic range
This contribute denotes noise leaking in to connectors and cables between test range antenna and receiving equipment.  
C2-9 Influence of the calibration antenna feed cable
	a)	Flexing cables, adapters, attenuators & 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.  
C2-10 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.  
C2-11 Uncertainty due to antenna mounting apparatus or rotary joints
If applicable the contribution of this uncertainty the accuracy in changing from azimuth to vertical measurements. 
C2-12 Signal Generator Uncertainty
This uncertainty consists of the uncertainty of the signal generator used to illuminate the DUT when DUT is in receiving mode.
C2-13 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.
C2-14 Rotary Joints
If applicable the contribution of this uncertainty is the accuracy in changing from azimuth to vertical measurements. 
C2-15 Misalignment positioning system
This contribution originates from uncertainty in sliding position and turn table angle accuracy.  If the calibration antenna is aligned to the maximum then this contribution can be considered negligible and therefore set to zero..
C2-16 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.
C2-17 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.

[bookmark: _Toc450037124][bookmark: _Toc457290222]C.4	Near Field Test Range
C.4.1 Axes Intersection
This is a mechanical uncertainty term and aim to find the uncertainty related with the lateral displacement between the horizontal and vertical axes of the DUT positioner. This can result in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
C.4.2 Axes Orthogonality
The difference from 90deg of the angle between the horizontal and vertical axes also results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
C.4.3 Horizontal Pointing
The horizontal mispointing of the horizontal axis to the probe reference point for Theta=0deg also results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
C.4.4 Probe Vertical position
The vertical displacement of the probe reference point from the horizontal axis results in sampling the field on a non-ideal sphere. This uncertainty is assumed to have a uniform distribution.
C.4.5 Probe Horizontal/Vertical pointing
The horizontal or vertical mispointing of the probe z-axis from the intersection point of the horizontal/vertical axis. This uncertainty is assumed to have a uniform distribution. 
C.4.6 Measurement distance
This is the knowledge of the distance between the intersection point of the horizontal and vertical axis and probe reference point. This uncertainty is assumed to have a uniform distribution.
C.4.7 Amplitude and phase drift
The system drift due to temperature variations causes the signal at DUT location to drift in amplitude and phase. This uncertainty is assumed to have a uniform distribution.
C.4.8 Amplitude and phase noise
This uncertainty is due to the noise level of the test range so that the S/N ratio should be determined or measured at the DUT location. The noise level is usually measured with a Spectrum Analyzer. This uncertainty is assumed to have a uniform distribution.


C.4.9 Leakage and Crosstalk
This uncertainty can be addressed by measurements on the actual system setup. The leakage and crosstalk cannot be separated from the random amplitude and phase errors so that the relative importance should be determined. This uncertainty is assumed to have a normal distribution.
C.4.10 Amplitude non-Linearity
This uncertainty is the linearity of the receiver used for the measurement. It can be taken from the data sheet of the receiver.
C.4.11 Amplitude and phase shift in rotary joint
This uncertainty is due to the variation of the rotary joint. It can be measured and is assumed to have a uniform distribution.
C.4.12 Channel balance amplitude and phase
This uncertainty is relevant for systems which are using dual polarized probes and polarization switches. The amplitude and phase difference between two signal channels of the receiver includes the difference between the probe ports, difference between the channels of the polarization switch, connecting cables and reflection coefficients. This uncertainty is assumed to have a uniform distribution.
C.4.13 Probe polarization amplitude and phase
The amplitude and phase of the probe polarization coefficients should be measured. This uncertainty is assumed to have a uniform distribution.
C.4.14 Probe pattern knowledge
The probe/s pattern/s is assumed to be known so that the DUT measurement in near field can be corrected when performing the near field to far field transform. There is no direct dependence between the DUT pattern and the probe pattern in near field measurements. This uncertainty is assumed to have a uniform distribution.
C.4.15 Multiple reflections
The multiple reflections occur when a portion of the transmitted signal is reflected form the receiving antenna back to the transmitting antenna and re-reflected by the transmitting antenna back to the receiving antenna. This uncertainty can be determined by multiple measurements of the DUT when at different distance from the probes. This uncertainty is assumed to have a uniform distribution.
C.4.16 Room scattering
As for the multiple reflections, a portion of the transmitted signal is reflected by either the absorbers or other structures in the measurement anechoic chamber before being received by the receiving antenna. This effect can be isolated from the multiple reflections by testing the DUT in different positions, separated by λ/4 with respect to the anechoic chamber and comparing these measurements with the reference. This uncertainty is assumed to have a uniform distribution.
C.4.17 DUT support scattering
This is the uncertainty due to the DUT supporting structure on the signal level. This uncertainty is assumed to have a uniform distribution.
C.4.18 Scan area truncation
This uncertainty does affect the near field measurement. It can be addressed by comparing the measurement result when scanning the full area. This uncertainty is assumed to have a uniform distribution.
C.4.19 Sampling point offset
This uncertainty has an influence in near field and far field. It is assumed to have a uniform distribution.
C.4.20 Spherical Mode truncation
The measured near field is expanded using a finite set of spherical modes. The number of modes is linked to number of samples. The filtering effect generated by the finite number of modes can improve measurement results by removing signals from outside the physical area of the DUT. Care must be taken in order to make sure the removed signals are not from the DUT itself. This uncertainty is usually negligible.
C.4.21 Positioning
The relative position of the probe array is not ideal. This uncertainty is assumed to have a uniform distribution.
C.4.22 Probe array uniformity
This is the uncertainty due to the fact that different probes are used for each physical position. Different probes have different radiation patterns. This uncertainty is assumed to have a uniform distribution.
C.4.23 Mismatch of transmitter chain
If the same chain configuration (including the vector signal generator; 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 [15]. This uncertainty is assumed to have a U-shaped distribution
C.4.24 Insertion loss of transmitter chain
It is composed of the following:
· Insertion loss of the probe antenna cable
· Insertion loss of the probe antenna attenuator (if used)
Insertion loss of RF relays (if used)If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00dB value. This uncertainty is assumed to have a uniform distribution.
C.4.25 Uncertainty of the absolute gain of the probe antenna
This uncertainty appears in the both stages and it is thus considered systematic and constant 0.00dB value.
C.4.26 Vector Signal Generator
This uncertainty is composed of three uncertainties being:
· absolute power level
· stability
· stability over temperature
· linearity
The expanded uncertainty is the Root Square Sum (RSS) of the standard uncertainties for each uncertainty contributors. Each uncertainty can be taken from the instrument data sheet and is assumed to have a uniform distribution.
C.4.27 Measurement Repeatability – Positioning Repeatability
This uncertainty is due to the repositioning of the DUT in the test setup. It can be addressed by repeating the corresponding measurement 10 times. Calculate the standard deviation of the metric obtained and use that as the measurement uncertainty. For tests that require multiple setups, the worst-case standard deviation shall be used. This uncertainty is assumed to have a uniform distribution.

C.4.28 Uncertainty of Vector Network Analyzer
This uncertainty includes the all uncertainties involved in the S21 measurement with a vector network analyzer, and will be calculated from the manufacturer’s data sheet. This uncertainty is assumed to have a uniform distribution.

C.4.29 Mismatch of transmitter chain
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 [15]. This uncertainty is assumed to have a U-shaped distribution
C.4.30 Insertion loss of transmitter chain
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00dB value. This uncertainty is assumed to have a uniform distribution.
C.4.31 Mismatch in the connection of the calibration antenna
This is the uncertainty from the mismatch in the connection between the system coax cable and the calibration antenna. It should be measured or determined by the method described in [15]. This uncertainty is assumed to have a U-shaped distribution.
C.4.32 Influence of the calibration antenna feed cable
This uncertainty is due to the impact of the feeding cable on the radiation properties of the calibration antenna. In case of using either a standard horn or standard gain horn, the impact of the cable is to be considered negligible thus the uncertainty  0.00dB value. In case of using a dipole-like antenna, the uncertainty should be addressed by measuring this impact. This uncertainty is assumed to have a uniform distribution.
C.4.33 Influence of the probe antenna cable
If the same chain configuration is used for measurement and calibration, the uncertainty due to the above components is considered systematic and constant  0.00dB value. This uncertainty is assumed to have a uniform distribution
C.4.34 Uncertainty of the absolute gain of the calibration antenna
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]The calibration antenna only appears in Stage 21. Therefore, the gain/efficiency uncertainty has to be taken into account. This uncertainty will be calculated from the manufacturer’s calibration certificate and is assumed to have a uniform distribution, unless otherwise informed (see clause 5.1.2 in [16]).
If the manufacturer’s calibration certificate do not give the information, the value has to be checked, see annex A-12 in [17]
C.4.35 Short term repeatability
It can be addressed by performing a repeatability test of the calibration antenna. This uncertainty is assumed to have a uniform distribution. 
< End of TP >

3GPP
image2.wmf
3


image3.wmf
2

,

2

,

ent

n measurem

calibratio

c

ement

DUT measur

c

c

u

u

u

+

=


image4.png
(@]

-
----m

Referehce o i
antenna Receiving:
1 antenna ' ¢

[NV
AAAAA

VVVVV

AAAAAAAAAAAAAAAAAAAA,

EL LD

E: Network analyzer output connector -
¥ P RF out RF in

F: Reference antenna connector

A: Phase centre of the reference antenna Network Analyzer

(aligned to the reference point of AAS BS at DUT measurement)
: Phase centre of the receiving antenna
: Receiving antenna connector
: Network Analyzer input connection point
( the same as the measurement equipment connection point at DUT measurement)




image5.emf
PM/SG

Positioner 

controller

PC

1

2

3

Range antenna 

reflector

DUT

Feed antenna

z

x

y

4

C

B

A



PM/SG

Positioner controller

PC
1
2
3
Range antenna reflector
DUT
Feed antenna
z
x
y
4
C
B
A



image6.png
Pref

Gref

Psource

Source

Lpath A

Piso

Measurement Antenna

Prest

Prec

Receiver





image7.png
(@]

Referehce ol
antenna Transmitting

NV
v

VVVVV

EL LD

E: Network analyzer input connector "

Y P RF in RF out
F: Reference antenna connector
A: Phase centre of the reference antenna Network Analyzer

(aligned to the reference point of AAS BS at DUT measurement)
: Phase centre of the transmitting antenna
: Transmitting antenna connector
: Network Analyzer output connection point
( the same as the measurement equipment connection point at DUT measurement)




image8.emf
Network analyzer

Positioner 

controller

PC

1

3

Range antenna 

reflector

SGH

Feed antenna

z

x

y

4

B

C

A



Network analyzer

Positioner controller

PC
1
3
Range antenna reflector
SGH
Feed antenna
z
x
y
4
B
C
A



image9.wmf
2

)

sin(

2

)

sin(

2

1

1

1

,

,

1

,

,

å

å

å

å

=

=

=

=

+

=

N

n

N

n

M

m

n

ver

m

n

M

m

n

hor

m

n

freq

s

NM

s

NM

S

q

p

q

p


oleObject3.bin

image10.wmf
N


oleObject4.bin

image11.wmf
M


oleObject5.bin

image12.wmf
n

q


oleObject6.bin

image13.wmf
pol

m

n

s

,

,


oleObject7.bin

image14.wmf
freq

S


oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

image1.wmf
2


