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1.
Introduction

This document is a combined TP for EIS uncertainty budget for far field test methods.  
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10.3.2 OTA sensitivity

10.3.2.1 Test methods
10.3.2.1.1 Indoor Anechoic Chamber
<Title to be updated once the test method is identified>
10.3.2.1.1.1 Description

This method measures the EIS in an anechoic chamber with the separation between the phase center of the AAS BS and the phase center of the transmitting antenna of no less than 2D2/λ, where D is the largest dimension of the antenna of AAS BS. The measurement system setup is as depicted in Fig. 10.3.2.1.1.1-1.
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Fig. 10.3.2.1.1.1-1 EIS test system setup with an indoor anechoic chamber
10.3.2.1.1.2 Procedure

The test consists of two stages, the calibration and the EIS test. The test procedure is as follows: 

Calibration: 
1) Connect the transmitting antenna to the RF signal source generator.

2) Install the reference antenna with its beam peak direction and the height of its phase center aligned with the transmitting antenna, and connect the reference antenna to the measurement equipment 

3) Generate an RF signal with the same carrier frequency as the test signal for EIS measurement of AAS BS. The received power at the measurement equipment is denoted by Pr_EIS_cal(A*).
4) Measure the cable loss between the reference antenna and the measurement equipment from point B* to point A* in Fig. 10.3.2.1.1.1-1, which is denoted by LFEIRP_cal (B*→A*). 
5) The calibration value is calculated with the following formula:

       LEIS_cal(F*→C*)= Pt_EIS_cal(F*)+GS_EIS_cal (B*→C*)–LFEIS_cal (B*→A*)–Pr_EIS_cal(A*)

      LEIS_cal(F*→C*): Calibration value from point F* to point C* in Fig. 10.3.2.1.1.1-1
Pt_EIS_cal(F*): Output power of the RF signal source generator at point F* in Fig. 10.3.2.1.1.1-1
GS_EIS_cal (B*→C*): Antenna gain of the reference antenna 
LFEIS_cal (B*→A*): Cable loss between the reference antenna and the measurement equipment from point B* to point A* in Fig. 10.3.2.1.1.1-1 
Pr_EIS_cal(A*): Received power at the measurement equipment at point A* in Fig. 10.3.2.1.1.1-1. 
Measurement: 
6) Uninstall the reference antenna and install the AAS with its phase center in the same place as the reference antenna.

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(F*→C*) 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 steps 7)~11) above per conformance testing direction.
10.3.2.1.1.3 Uncertainty budget format
Table 10.3.2.1.1.3-1: Indoor Anechoic Chamber Uncertainty contributions 
in AAS EIS test
	UID
	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

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

	2
	Pointing misalignment between the AAS BS and the reference 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
	C1-11

	Stage 2, Calibration measurement

	8
	Impedance mismatch in the transmitting chain
	C1-8

	9
	Positioning and pointing misalignment of the reference antenna and the transmitting antenna
	C1-9

	10
	Impedance mismatch at the reference antenna and measurement equipment.
	C1-10

	11
	Quality of quiet zone
	C1-3

	12
	Polarization mismatch for reference antenna
	C1-4

	13
	Mutual coupling between the reference antenna and the transmitting antenna
	C1-5

	14
	Phase curvature 
	C1-6

	15
	Uncertainty of the measurement equipment
	C1-7

	16
	Uncertainty of the RF signal source generator
	C1-11

	17
	Influence of the reference antenna feed cable


a)
Flexing cables, adapters, attenuators, connector repeatability
	C1-12

	18
	Influence of the transmitting antenna feed cable


a)
Flexing cables, adapters, attenuators, connector repeatability
	C1-13

	19
	Uncertainty of the absolute gain of the reference antenna
	C1-14

	20
	Uncertainty of the absolute gain of the transmitting antenna
	C1-15


10.3.2.1.1.4 Uncertainty assessment

<Texts to be added>
10.3.2.1.2 Compact Antenna Test Range

<Title to be updated once the test method is identified>
10.3.2.1.2.1 Description

<Texts to be added>
10.3.2.1.2.2 Procedure

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).  
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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 [image: image4.png]| -




b. Measure cable loss from point C to input of SGH, call this [image: image6.png]Lecscn



 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
[image: image8.png]Lesey +1010og(1 — |G 1?) — Gogn



, where[image: image10.png]101og(1 — |Gz 12)



, [image: image12.png]



 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 = [image: image14.png]Lscucal



 - LC↔B
Measurement:

<Texts to be added>
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 1, DUT measurement

	1
	Misalignment DUT & pointing error
	C2-1

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

	3
	[  Statistical uncertainty of BER measurement]
	[tbd]

	4
	RF leakage & dynamic range, 


a) feeder package terminated


b) DUT terminated
	C2-3

	5
	QZ ripple DUT
	C2-4

	
	…
	…

	Stage 2, 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

	
	…
	…


10.3.2.1.2.4 Uncertainty assessment

<Texts to be added>
Annex C OTA sensitivity measurement error contribution descriptions
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 phase center of the AAS BS and the phase center of the reference antenna. The uncertainty makes the space propagation loss between the AAS BS and the transmitting antenna at the DUT measurement stage different from the space propagation loss between the reference antenna and the transmitting antenna at the calibration stage.

C1-2 Pointing misalignment between the AAS BS and the reference antenna.
This contribution factor originates from the misalignment of the testing direction and the beam peak direction of the reference antenna at the calibration stage due to imperfect rotation operation. 

C1-3 Quality of quiet zone
This contribution factor denotes the reflectivity level of the anechoic chamber that is determined from the average standard deviation of the electric field in the quiet zone.
C1-4 Polarization mismatch between the AAS BS/reference antenna and the transmitting antenna
This contribution originates from the misaligned polarization of 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 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 source and test antennas is large enough so that the level of mutual coupling might be negligible. 
C1-6 Phase curvature
This uncertainty originates from the finite far-field measurement distance, which causes phase curvature across the antenna of AAS BS/reference antenna.
C1-7 Uncertainty of the measurement equipment
The measurement equipment to name a few is network analyzer, spectrum analyzers, or power meter.  These devices will have an uncertainty contribution of their own. If a power meter is used then both measurement uncertainty and out of band noise is considered as part of the contribution.
C1-8 Impedance mismatch in the transmitting chain
This uncertainty is the residual uncertainty contribution coming from multiple reflections between the transmitting antenna and the measurement equipment.  This value can be captured through measurement by measuring the S11 towards the transmitting antenna and also towards the RF signal source generator.  The mismatch between the transmitting antenna and the RF signal source generator can also be calculated. 
C1-9 Positioning and pointing misalignment of the reference antenna and the transmitting antenna
This contribution denotes uncertainty in reference antenna alignment and pointing error.  In this measurement if the reference antenna is aligned to maximum gain, this contribution can be considered negligible and therefore set to 0.
C1-10 Impedance Mismatch at the reference antenna and measurement equipment connection
This uncertainty is the residual uncertainty contribution coming from multiple reflections between the reference antenna and measurement equipment.  This value can be captured through measurement by measuring the S11 towards the reference antenna and also towards the measurement equipment.  
C1-11 Uncertainty of the RF signal source generator
RF signal source generator to name a few is signal generator or network analyzer.  These devices will have an uncertainty contribution of their own. 
C1-12 Influence of the reference antenna feed cable


a)
Flexing cables, adapters, attenuators, [extra pathloss cable] & connector repeatability

During the calibration phase this cable is used to between the reference antenna and the measurement equipment and any influence it may have upon the measurements is captured.  This is assessed by repeated measurements while flexing the cables and rotary joints.
C1-13 Influence of the transmitting antenna feed cable


a)
Flexing cables, adapters, attenuators, [extra pathloss cable] & connector repeatability

This cable is used to between the transmitting antenna and the RF signal source generator. This is assessed by repeated measurements while flexing the cables and rotary joints.  
C1-14 Uncertainty of the absolute gain of the reference antenna
This uncertainty consists of the uncertainty of the gain value associated with the gain value declared by the manufacture at the calibration stage.. 

C1-15 Uncertainty of the absolute gain of the transmitting antenna
This uncertainty consists of the uncertainty of the gain value associated with the gain value at the DUT measurement stage.
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.
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 and the DUT measurement stage, 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. 

 [End of Text Proposal]

�A more CATR specific diagram will need to be added and updated in the next meeting.  There should be a mirror/reflector added


�Adding reference to the symbols is needed for next meeting
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