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1.
Introduction

At RAN4 #82bis Spokane meeting, a way forward to derive measurement uncertainties (MU) was agreed. [1]

Based on the work plan in [1], we study and discuss MU contributions of NR Tx/Rx OTA measurements in this paper.


2. Measurement Uncertainty Contributions of OTA Measurement
To derive a mapping of MU contributions and UE RF requirement definitions, we can start extracting contributions from an existing conformance test specification of OTA for E-UTRA [2]. 
In addition to those elements, we picked up contributions which are specific to measurements for New Radio.

Note that contributions which can be cancelled during a measurement procedure are omitted. For example, when we measure TRP, an uncertainty of a cable loss which is connected to a measurement antenna can be cancelled because TRP is actually a relative measurement of an output power between a reference antenna and DUT.  
2.1 Uncertainty contributions in common

Measurement uncertainty contributions can be listed by each composition of test configurations.

< Chamber >
· Quality of quiet zone  - average standard deviation of the electric field in the quiet zone 
< Mechanism >
· Offset of a rotation  axis from a center of an antenna 
(caused by an uncertainty of position to fix a DUT, or by an uncertainty of position to place an actuator towards an antenna)
· Offset of a direction when evaluating EIRP

· Uncertainty caused by a directivity of a measurement antenna.
· Accuracy of a rotation angle 
< Reference antenna >
· Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna（Calibration error）

· Frequency characteristic 
· Misalignment in replacing DUT antenna with reference antenna 

・Uncertainty caused by directivity of reference antenna 
· Misalignment of a reference antenna (angle and position) towards a measurement antenna
< Test equipment >
· Frequency characteristic of a measurement antenna 
< Measurement conditions >
· Uncertainty caused by insufficient number of test points
2.2 Uncertainty contributions in Tx measurement
· TRP/EIRP measurement
< Test equipment >
· Non-linearity 
· Accuracy of an input power to a reference antenna. (or measurement accuracy of a power meter if the calibration is carried out.）

· Mismatch of transceiver / receiver chain
< DUT >
· Tx-power drift
· Signal analysis
< Test equipment >
· Phase noise 
2.3 Uncertainty contributions in Rx measurement
◆TRS/EIS

< Test equipment >
· Non-linearity 
· Uncertainty of cable loss which is connected to reference antenna

· Accuracy of power meter for measuring a power via reference antenna
< Measurement conditions >
· Resolution of output signal power when BLER becomes a Pass/Fail criteria 
< DUT >
· Sensitivity drift

◆Blocking characteristics against an unwanted interfering signals
< Test equipment >
· Accuracy of an absolute output power of an interfering signals
For contributions which might be compensated in a calibration stage, further discuss is needed. (e.g.Non-linearity of test equipment with a measurement antenna.) 


3.
Conclusion
In this paper, we abstracted measurement uncertainty contributions from an existing specification [2] and also introduced anticipated ones from OTA measurement procedures for New Radio UEs.
For contributions which might be compensated in a calibration stage, further discuss is needed. (e.g.Non-linearity of test equipment with a measurement antenna.)
Table 1. Contributions of Measurement Uncertainty on OTA measurement of NR UE
	Measurement
(Common/
Tx/Rx)
	Composition

	Description of uncertainty contribution
	Remarks 
(Note 7)

	Common
	Chamber
	Quality of quiet zone
	E.10, Note 1

	
	Mechanism
	Offset of a rotation  axis from a center of an antenna
	E.9, Note 1

	
	
	Accuracy of a rotation angle 
	New, Note 2

	
	Reference antenna
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	E.16, Note 2

	
	
	Frequency characteristic
	New, Note 2

	
	
	Misalignment in replacing DUT antenna with a reference antenna
	E.14, Note 1

	
	
	Misalignment of a reference antenna (angle and position) towards a measurement antenna
	E.9, Note 1

	
	Test equipment
	Frequency characteristic of a measurement antenna
	New, Note 2

	
	Measurement conditions
	Uncertainty caused by insufficient number of test points
	E.13, Note 1

	Tx 
	Test equipment
	Non-linearity
	New, Note 2, 3

	
	
	Accuracy of an input power to a reference antenna (or measurement accuracy of a power meter if the calibration is carried out.)
	New, Note 2, 3

	
	
	Phase noise
	New, Note 1, 4

	
	
	Mismatch of transceiver / receiver chain
	E.1-E.2, Note 1, 3

	
	DUT
	Tx-power drift
	E.11, Note 1,3

	Rx 
	Test equipment
	Non-linearity
	New, Note 2, 5

	
	
	Uncertainty of cable loss which is connected to a reference antenna
	E.6, Note 2, 5

	
	
	Accuracy of power meter for measuring a power via a reference antenna.
	New, Note 2, 5

	
	
	Accuracy of an absolute output power of an interfering signals
	New, Note 2, 6

	
	Measurement conditions
	Resolution of output signal power when BLER becomes a Pass/Fail criteria
	E.18, Note 1, 5

	
	DUT
	Sensitivity drift
	E.21, Note 1, 5

	Note 1: Stage 1 - DUT measurement explained in TS 34.114 Annex E.
Note 2: Stage 2 - Calibration measurement explained in TS 34.114 Annex E.
Note 3: TRP/EIRP measurement
Note 4: Signal analysis
Note 5: TRS/EIS measurement
Note 6: Blocking characteristics measurement
Note 7: Corresponding contributions extracted from TS 34.114 Annex E are described as same ID such as E.x (x: number).
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5. Annex A: Extracts from TS34.114 Annex E (Estimation of Measurement Uncertainty)
Table E.1: Uncertainty contributions in TRP measurement

	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

	1)
Mismatch of receiver chain (i.e. between probe antenna and measurement receiver)
	E.1-E.2

	2)
Insertion loss of receiver chain
	E.3-E.5

	3)
Influence of the probe antenna cable
	E.6

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	E.7

	5)
Measurement Receiver: uncertainty of the absolute level
	E.8

	6) Measurement distance:


a)
offset of DUT phase centre from axis(es) of rotation


b)
mutual coupling between the DUT and the probe antenna


c)
phase curvature across the DUT
	E.9

	7)
Quality of quiet zone
	E.10

	8)
DUT Tx-power drift
	E.11

	9)
Uncertainty related to the use of phantoms: (applicable when a phantom is used):

If SAM head phantom is used:


a)
uncertainty from using different types of SAM phantom


b)
simulated tissue liquid uncertainty


c)
effect of the DUT holder

If SAM head and hand phantoms are used:

TBD

If a hand phantom is used:

TBD

If a laptop ground plane phantom is used:

a) Uncertainty related to the use of the Laptop Ground Plane phantom
	E.12

	10) Coarse sampling grid
	E.13

	11) Random uncertainty (repeatability, including positioning uncertainty of the DUT against the SAM phantom or DUT plugged into the Laptop Ground Plane phantom)
	E.14

	Stage 2, Calibration measurement, network analyzer method, figure 7.5

	12)
Uncertainty of network analyzer
	E.15

	13)
 Mismatch of receiver chain
	E.1-E.2

	14)
 Insertion loss of receiver chain
	E.3-E.5

	15)
 Mismatch in the connection of calibration antenna
	E.1

	16)
 Influence of the calibration antenna feed cable
	E.6

	17)
 Influence of the probe antenna cable
	E.6

	18)
 Uncertainty of the absolute gain of the probe antenna
	E.7

	19) Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	E.16

	20)
 Measurement distance:


a)
Offset of calibration antenna’s phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna
	E.9

	21)
 Quality of quiet zone
	E.10


Table E.2: Uncertainty contributions in TRS measurement

	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

	1)
Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	E.1-E.2

	2)
Insertion loss of transmitter chain
	E.3-E.5

	3)
Influence of the probe antenna cable
	E.6

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	E.7

	5)
Base station simulator: uncertainty of the absolute output level
	E.17

	6)
BER measurement: output level step resolution
	E.18

	7)
Statistical uncertainty of BER measurement
	E.19

	8)
BER data rate normalization
	E.20

	9)
Measurement distance:


a)
offset of DUT phase centre from axis(es) of rotation


b)
mutual coupling between the DUT and the probe antenna


c)
phase curvature across the DUT
	E.9

	10) Quality of quiet zone 
	E.10

	11)
 DUT sensitivity drift
	E.21

	12)
 Uncertainty related to the use of phantoms: (applicable when a phantom is used):

If a SAM head phantom is used:


a)
uncertainty from using different types of SAM phantom


b)
simulated tissue liquid uncertainty


c)
effect of the DUT holder

If SAM head and hand phantoms are used:

TBD

If a hand phantom is used:

TBD

If a laptop ground plane phantom is used:

a) Uncertainty related to the use of the Laptop Ground Plane phantom
	E.12

	13)
 Coarse sampling grid
	E.13

	14)
 Random uncertainty (repeatability)


- positioning uncertainty of the DUT against the SAM or DUT plugged into the Laptop Ground Plane phantom
	E.14

	Stage 2, Calibration measurement, network analyzer method, figure 7.5

	15)
 Uncertainty of network analyzer 
	E.15

	16)  Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	E.1-E.2

	17)
 Insertion loss of transmitter chain
	E.3-E.5

	18)
 Mismatch in the connection of calibration antenna
	E.1

	19)
 Influence of the calibration antenna feed cable
	E.6

	20)
 Influence of the probe antenna cable
	E.6

	21)
 Uncertainty of the absolute gain of the probe antenna
	E.7

	22) Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	E.16

	23)
 Measurement distance:


a)
Offset of calibration antenna’s phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna
	E.9

	25)
 Quality of quiet zone
	E.10


Table E.3: Uncertainty contributions in Stage 2 (calibration measurement, spectrum analyzer method)

	Description of uncertainty contribution
	Details in paragraph

	Stage 2, calibration measurement, spectrum analyser method, figure 7.4

	1) Cable loss measurement uncertainty
	E.22

	2)
Uncertainty from impedance mismatch between the signal generator and the calibration antenna
	E.1

	3)
Impedance mismatch uncertainty between the measurement receiver and the probe antenna
	E.1

	4)
Signal generator: uncertainty of the absolute output level
	E.23

	5)
Signal generator: output level stability
	E.24

	6)
Influence of the calibration antenna feed cable
	E.6

	7)
Influence of the probe antenna cable
	E.6

	8)
Insertion loss of the calibration antenna feed cable
	E.25

	9)
Insertion loss of the probe antenna cable
	E.3

	10)
Mismatch uncertainty: between signal generator and calibration antenna (if antenna attenuator is used)
	E.1

	11)
Mismatch uncertainty: between measurement receiver and probe antenna (if antenna attenuator is used)
	E.1

	12)
Insertion loss of the calibration antenna attenuator (if used)
	E.26

	13)
Insertion loss of the probe antenna attenuator (if used)
	E.4

	14)
Uncertainty of the absolute level of the measurement receiver 
	E.8

	15)
Uncertainty of the absolute gain of the probe antenna
	E.7

	16)
Uncertainty of the absolute gain of the calibration antenna
	E.16

	18)
Measurement distance:


a)
Offset of calibration antenna’s phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna
	E.9

	17)
Quality of quiet zone
	E.10
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