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Introduction
Following the outcome from previous meetings where Plane Wave Synthesizer (PWS) was introduced as accepted method in TR 37.843 [4], this contribution presents an analysis of the MU terms that required further discussion.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]MU budgets
The following are the MU budget tables applicable to PWS as agreed in [2], both EIRP and EIS measurements, where the MU terms that required further analysis are highlighted:
[bookmark: _Toc13066146]10.2.2.3.4	MU assessment
[bookmark: _Toc13066147]10.2.2.3.4.1	MU Budget
Table 10.2.2.3.4.1-1: Plane Wave Synthesizer uncertainty contributions for EIRP measurements
UID
Uncertainty Source
Details in annex



Stage 2: DUT measurement
1
Misalignment DUT & pointing error
E6-1
2
RF power measurement equipment
F.1
3
Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
E6-2
4
RF leakage (calibration antenna connector terminated)
E6-3
5
QZ ripple with DUT
E6-4
6
Miscellaneous Uncertainty
E6-5
20
System non-linearity
E6-14
Stage 1: Calibration measurement
7
Uncertainty of network analyzer
F.1
8
Mismatch (i.e. reference antenna, network analyser and reference cable)
E6-6
9
Insertion loss variation 
E6-7
4
RF leakage (calibration antenna connector terminated)
E6-3
10
Influence of the calibration antenna feed cable
E6-8
11
Uncertainty of the absolute gain of the calibration antenna
F.1
12
Misalignment of positioning system
E6-9
13
Misalignment of calibration antenna & pointing error
E6-1
14
Rotary joints
E6-10
15
Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
E6-2
16
QZ ripple with calibration antenna
E6-4
17
Switching uncertainty
E6-11
18
Field repeatability
E6-12
19
Frequency flatness
E6-13


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



Stage 2: DUT measurement
1
Misalignment DUT & pointing error
E6-1
2
RF signal generator
F.1
3
Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
E6-2
4
RF leakage (calibration antenna connector terminated)
E6-3
5
QZ ripple with DUT
E6-4
6
Miscellaneous Uncertainty
E6-5
20
System non-linearity
E6-14
Stage 1: Calibration measurement
7
Uncertainty of network analyzer
F.1
8
Mismatch (i.e. reference antenna, network analyzer and reference cable)
E6-6
9
Insertion loss variation
E6-7
4
RF leakage (calibration antenna connector terminated)
E6-3
10
Influence of the calibration antenna feed cable
E6-8
11
Uncertainty of the absolute gain of the calibration antenna
F.1
12
Misalignment of positioning system
E6-9
13
Misalignment of calibration antenna & pointing error
E6-1
14
Rotary joints
E6-10
15
Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
E6-2
16
QZ ripple with calibration antenna
E6-4
17
Switching uncertainty
E6-11
18
Field repeatability
E6-12
19
Frequency flatness
E6-13


Error contribution descriptions
The following sections describe in detail the corresponding evaluation, based on measurements on the actual R&S implementation of PWS, for each of the MU terms highlighted in previous tables, although system non-linearity values are not presented in this contribution since the testing campaign is still being performed.
QZ ripple with DUT/calibration antenna
Based on the feedback received during past two meetings, additional testing has been performed and the metric has been selected to evaluate the QZ amplitude ripple as per the most recent draft for IEEE Std. 149 [5].
This amplitude ripple MU term is measured by determining the variation of amplitude about the 2nd degree polynomial fit, reported in dB. Example of the amplitude ripple are shown in the following figure:

Figure 3.1-1: 1D amplitude ripple; f = 3600 MHz. 

Since the field probe measurements are performed over the reference plane where the EUT is placed, there are several possible 1D curves around the axis. The worst case per frequency range among all 1D curves is selected as MU value, and a rectangular distribution is assumed.
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	5
	Normalized QZ ripple with DUT
	0.42
	0.43
	dB
	Rectangular
	√3
	1
	0.24
	0.25

	18
	Normalized QZ ripple with calibration antenna
	0.20
	0.20
	dB
	Rectangular
	√3
	1
	0.12
	0.12



The field distribution measurements (magnitude) are performed using an Open Ended Waveguide Probe (OEWP) and a Vector Network Analyzer (e.g. R&S ZVA8) in order to get results like the one shown in figure 3.1-2.

Figure 3.1-2: QZ field distribution, f = 3600 MHz. 

Field repeatability
This MU term was agreed during last meeting as per [3]. The MU values are presented here just for reference:
	UID
	Uncertainty Source
	Value
f <= 3 GHz
	Value
f > 3 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f <= 3 GHz
	ui (dB)
f > 3 GHz

	18
	Field calibration repeatability
	0.06
	0.12
	dB
	Normal
	1
	1
	0.06
	0.12



System non-linearity
This uncertainty term is calculated as RSS of the following items, assuming a rectangular distribution:
· System non-linearity in time. This is assessed by repeated measurements over a period of time (e.g. 60 minutes) for the same reference power transmitted by the reference antenna. The largest difference between the results is recorded as the uncertainty.
· System non-linearity in power. This is assessed by repeated measurements over a range of transmitted powers. The largest delta between the increments on the receiving side versus the transmitting side is recorded as the uncertainty.
This contribution is assumed to have a rectangular distribution.


MU values
As an outcome of previous sections, the following tables 4-1 and 4-2 show the final MU value tables applicable to the PWS methodology after included the declared values above for the Field repeatability term.
	UID
	Uncertainty Source
	Uncertainty Value
	Distribution of the probability
	Divisor based on distribution shapre
	ci
	Std. uncertainty 
ui [dB]

	
	
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz
	
	
	
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	2
	RF power measurement equipment
	0.14
	0.26
	Gaussian
	1
	 1
	0.14
	0.26

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	0.05
	0.14
	Rectangular
	√3
	1
	0.03
	0.08

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

	5
	QZ ripple with DUT
	0.42
	0.43
	Rectangular
	√3
	1
	0.24
	0.25

	6
	Miscellaneous Uncertainty
	0.00
	0.00
	Normal
	1
	1
	0.00
	0.00

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

	Stage 1: Calibration measurement

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

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

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

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

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

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

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

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

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

	15
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	0.12
	0.12
	Rectangular
	√3
	1
	0.07
	0.07

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

	17
	Switching uncertainty
	0.02
	0.02
	Rectangular
	√3
	1
	0.01
	0.01

	18
	Field repeatability
	0.06
	0.12
	Normal
	1
	1
	0.06
	0.12

	19
	Frequency flatness
	0.13
	0.13
	Rectangular
	√3
	1
	0.08
	0.08

	Combined standard uncertainty (1σ) [dB]
	[0.50]
	[0.60]

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.98]
	[1.18]


Table 4‑1: PWS uncertainty values for EIRP measurements

	UID
	Uncertainty Source
	Uncertainty Value
	Distribution of the probability
	Divisor based on distribution shapre
	ci
	Std. uncertainty 
ui [dB]

	
	
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz
	
	
	
	f ≦ 3GHz
	3GHz ≦ f < 4.2GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	2
	RF signal generator
	0.46
	0.46
	Gaussian
	1
	 1
	0.46
	0.46

	3
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	0.05
	0.14
	Rectangular
	√3
	1
	0.03
	0.08

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

	5
	QZ ripple with DUT
	0.42
	0.43
	Rectangular
	√3
	1
	0.24
	0.25

	6
	Miscellaneous Uncertainty
	0.00
	0.00
	Normal
	1
	1
	0.00
	0.00

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

	Stage 1: Calibration measurement

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

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

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

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

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

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

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

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

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

	15
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	0.12
	0.12
	Rectangular
	√3
	1
	0.07
	0.07

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

	17
	Switching uncertainty
	0.02
	0.02
	Rectangular
	√3
	1
	0.01
	0.01

	18
	Field repeatability
	0.06
	0.12
	Normal
	1
	1
	0.06
	0.12

	19
	Frequency flatness
	0.13
	0.13
	Rectangular
	√3
	1
	0.08
	0.08

	Combined standard uncertainty (1σ) [dB]
	[0.66]
	[0.71]

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[1.30]
	[1.40]


Table 4‑2: PWS uncertainty values for EIS measurements

Conclusion
In this contribution, a description of the pending MU terms for the Plane Wave Synthesizer has been provided. It is proposed to incorporate the QZ ripple MU final values as detailed in  Tables 4-1 and 4-2 into TR 37.843.
Proposal: incorporate QZ ripple MU values from Tables 4-1 and 4-2 into the corresponding tables for PWS in TR 37.843.
References
[1] [bookmark: _Ref16672511]R4-1806605, “2D Compact Range for Testing of AAS Basestations”, Rohde & Schwarz, RAN4#87, May 2018
[2] [bookmark: _Ref21010453]R4-1910434, “CR to TR 37.843: Addition of 2D Compact Range. MU, calibration and test procedure for EIRP and EIS”,  Rohde & Schwarz, CAICT, MVG, RAN4#92, August 2019
[3] [bookmark: _Ref24034282]R4-1911849, “Plane Wave Synthesizer – Pending MU terms”, Rohde & Schwarz, RAN4#92-bis, October 2019
[4] [bookmark: _Ref16672550]3GPP TR 37.843: “Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS) radiated requirements”.
[5] [bookmark: _Ref24037891]P149™/D7: “Draft Recommended Practice for Antenna Measurements”, Antennas and Propagation Standards Committee of the IEEE Antennas and Propagation Society, October 2019.
[6] R.  Haupt,  “Generating  a  Plane  Wave  in  the  Near  Field  with  a  Planar Array Antenna”, Microwave Journal, September 2003
[7] C. Rowell, A. Tankielun, “Plane Wave Converter for 5G Massive MIMO Basestation Measurements”, the 12th European Conference on Antennas and Propagation (EuCAP2018), London, UK, 9 - 13 April, 2018
[8] B. Derat, “Creating Far-field Condition at a Tenth of Far-field Distance: An Innovative Technique for 5G OTA measurement”, Electronic Design Innovation Conference (EDICON), Beijing, China, 20 – 22 March, 2018
Page 8
image1.png
Magnitude [dB]

0.8

Amplitude ripple =0.21807 dB, Amplitude taper = 0.80096 dB

0.6

o
[N}

o

——cut points
—best 2nd order polynomial fit
T

40

-10 0
x [em] (with respect to cut)

10

20

30

40

50




image2.png
z [cm]

Quiet zone measurement results of plane wave: E. component, at the frequency = 3600.00 MHz, LP

-50 -40

-30

-20

-10 0 10 20 30 40 50
x [cm)]

Max=0.9643 Min=-0.91168 StdDev=0.32452

0.8

0.6

0.4

0.2

z [cm]

-50 -40

-30

-20

arg(E.) [degree]

-10 0 10 20 30 40 50
x [cm)]

Max=7.4539 Min=-6.6916 StdDev=3.044, EI_QZS =-0.01 deg Az_QZS=0.08 deg




