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[bookmark: _Toc448507938][bookmark: _Toc452118459][bookmark: _Toc448507937][bookmark: _Toc452118451]--------------Start of text proposal------------

10.3.2.1.3 	One Dimensional Compact Range Chamber
[bookmark: _Toc459982909]10.3.2.1.3.1 	Description
The principle of the measurement set up for OTA sensitivity is shown in Figure 10.3.2.1.3.1-1. It closely resembles the standard compact range chamber. But for the generation of the plane wave in the quiet zone the proposed method uses a special one dimensional probe instead of the standard set up comprising a concave mirror and a feed horn. The main advantage is a reduced chamber size and a simplified probe system replacing the standard mirror feed horn set up.
[image: ]
[image: ]
Figure 10.3.2.1.3.1-1: One Dimensional Compact Range Chamber measurement system setup for EIS

The probe antenna is set up of a one dimensional array of antenna modules, connected by a special feed system. Optimized amplitude and phase settings in the feed system result in a plane wave in vertical direction. As no near field to far field transformation has to be carried out, it is not required to measure a whole set of azimuth and elevation angles.
[bookmark: _Toc459982910]10.3.2.1.3.2	Procedure
1. Connect the feed system of the compact probe to the signal generator.
1. Calibrate the test range, using a reference antenna with standard gain installed in the quiet zone of the probe and measure the path loss between signal generator and reference antenna.
1. Position the DUT in the quiet zone of the probe 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 DUT is set to be aligned with testing system 
1. Connect the DUT to the measurement equipment.
1. Align with the conformance test direction (Appendix G D10.11).
1. Set the signal generator to the manufacturer declared sensitivity (EIS) level plus the measured path loss.
1. Measure the throughput and BER of the DUT. 
1. Repeat test steps 2 to 67 for all declared beams and corresponding conformance steering directions.
[bookmark: _Toc459982911]10.3.2.1.3.3 	Uncertainty budget format
Table 10.3.2.1.3.3-1: One Dimensional Compact Range Chamber uncertainty contributions 
 for EIS measurement
	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Misalignment DUT and pointing error
	C3-1

	2
	Standing wave between DUT and test range antenna
	C3-2

	3
	Quiet zone ripple DUT
	C3-3

	4
	Signal generator
	C3-4, E

	5
	Phase curvature
	C3-5

	6
	Polarization mismatch between DUT and transmitting antenna
	C3-6

	7
	Mutual coupling between DUT and transmitting antenna
	C3-7

	8
	Measurement equipment
	C3-8, E

	9
	Impedance mismatch in transmitting chain
	C3-9

	10
	RF leakage and dynamic range
a) Feeder package terminated
b) DUT terminated
	C3-10

	Stage 1: Calibration measurement

	11
	Misalignment positioning system
	C3-11

	12
	Pointing error between reference antenna and test range antenna
	C3-12

	13
	Impedance mismatch in path to reference antenna
	C3-13

	14
	Impedance mismatch in path to compact probe
	C3-14

	15
	Standing wave between reference antenna and test range antenna
	C3-2

	16
	Quiet zone ripple reference antenna
	C3-4

	17
	Phase curvature
	C3-5

	18
	Polarization mismatch between reference antenna and transmitting antenna
	C3-6

	19
	Mutual coupling between reference antenna and transmitting antenna
	C3-7

	20
	Measurement equipment
	C3-8, E

	21
	Influence of reference antenna feed cable (flexing cables, adapters, attenuators, connector repeatability)
	C3-15

	22
	Mismatch of transmitter chain
	C3-16

	23
	Insertion loss of transmitter chain
	C3-17

	24
	Uncertainty of absolute gain of reference antenna
	C3-18, E

	25
	RF leakage (SGH connector terminated and test range antenna connector cable terminated)
	C3-10




<Texts to be added>
[bookmark: _Toc459982912]10.3.2.1.3.4 	Uncertainty assessment
Table 10.3.2.1.3.4-1: One Dimensional Compact Range Chamber uncertainty assessment for EIS measurement
	EIS uncertainty budget

	UID
	Uncertainty Source
	Uncertainty value
f ≦ 3GHz
	Uncertainty value
3GHz < f ≦ 4.2 GHz
	Distribution of the probability
	Divisor based on distribution shape
	Ci*
	Standard uncertainty (σ) [dB]
f ≦ 3GHz
	Standard uncertainty (σ) [dB]
3GHz < f ≦ 4.2 GHz

	Stage 2: DUT measurement

	1
	Misalignment  DUT and pointing error
	0
	0
	Exp. normal
	2
	1 
	0
	0

	2
	Standing wave between DUT and test range antenna
	0.18
	0.18
	U-shaped
	√2
	1 
	0.13
	0.13

	3
	Quiet zone ripple DUT
	0.0325
	0.0325
	 Gaussian
	1
	
	0.03
	0.03

	4
	Signal generator
	0.46
	0.46
	 Gaussian
	1
	 1
	0.46
	0.46

	5
	Phase curvature
	0.01
	0.01
	 Gaussian
	1
	1
	0.01
	0.01

	6
	Polarization mismatch between DUT and transmitting antenna
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	7
	Mutual coupling between DUT and transmitting antenna
	0
	0
	Rectangular
	√3
	1
	0
	0

	8
	Measurement equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.26

	9
	Impedance mismatch in transmitter chain
	0.0056
	0.01
	U-shaped
	√2
	1
	0
	0.01

	10
	RF leakage and dynamic range
a) feeder package terminated
b) DUT terminated
	0
	0
	Gaussian
	1
	1 
	0
	0

	Stage 1: Calibration measurement

	11
	Misalignment positioning system
	0
	0
	Exp. Normal
	2
	1
	0
	0

	12
	Pointing error between reference antenna and test range antenna
	0
	0
	Rectangular
	√3
	1 
	0
	0

	13
	Impedance mismatch in path to reference antenna
	0.05
	0.05
	U-shaped
	√2
	1
	0.04
	0.04

	14
	Impedance mismatch in path to compact probe
	0.03
	0.03
	U-shaped
	√2
	1
	0.02
	0.02

	15
	Standing wave between reference antenna and test range antenna
	0.15
	0.15
	U-shaped
	√2
	1
	0.11
	0.11

	16
	Quiet zone ripple reference antenna
	0.178
	0.178
	Gaussian
	1
	1
	0.18
	0.18

	17
	Phase curvature
	0
	0
	Gaussian
	1
	1
	0
	0

	18
	Polarization mismatch between reference antenna and transmitting antenna
	0.05
	0.05
	Rectangular
	√3
	1
	0.03
	0.03

	19
	Mutual coupling between reference antenna and transmitting antenna
	0
	0
	Rectangular
	√3
	1
	0
	0

	20
	Measurement equipment
	0.14
	0.26
	Gaussian
	1
	1
	0.14
	0.26

	21
	Influence of reference antenna feed cable (flexing cables, adapters, attenuators, connector repeatability)
	0.082
	0.082
	Rectangular
	√3
	1
	0.05
	0.05

	22
	Mismatch of transmitter chain
	0.2
	0.3
	U-shaped
	√2
	1
	0.14
	0.21

	23
	Insertion loss of transmitter chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.1
	0.1

	24
	Uncertainty of absolute gain of reference antenna
	0.5
	0.43
	Rectangular
	√3
	1 
	0.29
	0.25

	25
	RF leakage (SGH connector terminated and test range antenna connector cable terminated)
	0
	0
	Gaussian
	1
	1
	0
	0

	Combined standard uncertainty (1 σ)
	0.66
	0.73

	Expanded uncertainty (2σ - confidence interval of 95 %)
	1.29
	1.43


<Texts to be added>

==== Unchanged sections omitted===========

[bookmark: _Toc461114897][bookmark: _Toc461115113][bookmark: _Toc461528706]10.3.2.2	Maximum accepted test system uncertainty
Maximum test system uncertainties derivation methodology was described in subclause 10.1.1. The maximum accepted test system uncertainty values was derived based on test system specific values, separately for EIRP and for EIS tests.
According to the methodology referred above, the common maximum accepted test system uncertainty values derivation for EIS are captured in table 10.3.2.2-2. According to the methodology in subclause 10.1.1, the common maximum accepted test system uncertainty values for the EIS test can be derived from table 10.3.2.2-2, for each of the defined frequency ranges. The common maximum values are applicable for all test methods addressing EIS test requirement. Based on the input values in table 10.3.2.2-2, the expanded uncertainty (1.96σ - confidence interval of 95 %) values are derived for two frequency ranges (i.e. f ≦ 3GHz and 3GHz < f ≦ 4.2 GHz).
Table 10.3.2.2-2 Test system specific measurement uncertainty values for the EIS test 
	
	Expanded uncertainty (1.96σ - confidence interval of 95 %) [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

	Common maximum accepted test system uncertainty
	1.3
	1.4



==== Unchanged sections omitted===========

C.3	One Dimensional1D Compact Range
C3-1 Misalignment DUT and pointing error
This contribution denotes uncertainty in DUT alignment and DUT pointing error. In this measurement the DUT is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty. By adjusting for maximums to align, this contribution can be a small contribution. The reference 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 pointing 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).
C3-2 Standing wave between DUT/reference antenna and test range antenna
This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT/reference antenna and test range antenna.  This value can be captured by moving the DUT/reference antenna towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.
C3-3 Quiet zone ripple DUT/reference 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 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/reference antenna. To capture the full effect of the QZ ripple a distance of 1λ must be measured from each of the DUT/reference antenna physical aperture edges, i.e. total QZ distance =  physical aperture length + 2 λ, to ensure the full volume of the QZ is captured in the uncertainty measurement.
C3-4 Signal generator
This uncertainty consists of the uncertainty of the signal generator used to illuminate the DUT when DUT is in receiving mode.
C3-5 Phase curvature
This contribution originates from the finite far-field measurement distance, which causes phase curvature across the antenna of the DUT/reference antenna.
C3-6 Polarization mismatch between DUT/reference antenna and transmitting antenna
This contribution originates from the misaligned polarization between the DUT/reference antenna and the transmitting antenna. 
C3-7 Mutual coupling between DUT/reference antenna and transmitting antenna
This contribution originates from mutual coupling between the DUT/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 compact range chamber, usually the spacing between the transmitting antenna and the DUT/reference antenna is large enough so that the level of mutual coupling might be negligible.
C3-8 Measurement equipment
This contribution originates from limited absolute level accuracy and non-linearity of the measurement equipment. The measurement equipment such as a BS simulator, spectrum analyser, or power meter measures the received signal level in EIS 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.
C3-9 Impedance mismatch in 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.
C3-10 RF leakage and dynamic range
This contribute denotes noise leaking into connectors and cables between test range antenna and receiving equipment.
C3-11 Misalignment positioning system
This contribution originates from uncertainty in sliding position and turn table angle accuracy. If the reference antenna is aligned to the maximum then this contribution can be considered negligible and therefore set to zero.
C3-12 Pointing error between reference antenna and test range 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.
C3-13 Impedance mismatch in path to reference antenna
This contribution originates from multiple reflections between the reference antenna and the measurement equipment. After appropriate calibration, the measurement equipment may not introduce impedance mismatch error, but the error still happens between the reference antenna feed cable and the reference antenna.
C3-14 Impedance mismatch in path to compact probe
This contribution originates from multiple reflections between the transmitting antenna and the measurement equipment. After appropriate calibration, the measurement equipment may not introduce impedance mismatch error, but the error still happens between the transmitting antenna feed cable and the transmitting antenna.
C3-15 Influence of reference antenna feed cable (flexing cables, adapters, attenuators and connector repeatability)
During the calibration phase this cable is used to feed the reference 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.
C3-16 Mismatch of transmitter 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.
C3-17 Insertion loss of transmitter chain
This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable. If this cable does not change/move between the calibration and the DUT measurement stage, the uncertainty is assumed to be systematic. Alternatively, the insertion loss can 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
C3-18 Uncertainty of the absolute gain of reference antenna
This uncertainty consists of the uncertainty of the gain value associated with the gain value denoted from the antenna calibration.
C3-19 RF leakage (SGH connector terminated and test range antenna connector terminated)
This contribution denotes noise leaking into 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 SGH/reference antenna and transmitting equipment.
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