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Introduction
Following the effort from previous meetings where Plane Wave Synthesizer (PWS) was included as accepted method in TR 37.941 [1] and the MU assessment was introduced together with remaining methods, this contribution presents an analysis of the MU terms that were still pending for the frequency range from 4.2GHz to 6GHz.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]MU budgets
The following is the MU budget table applicable to PWS for EIRP measurements as agreed in [1], where the MU terms that required further analysis for the frequency range 4.2 to 6GHz are highlighted:
[bookmark: _Toc21086253][bookmark: _Toc29768690][bookmark: _Toc32332070][bookmark: _Toc37429985][bookmark: _Toc43739059][bookmark: _Toc46346820][bookmark: _Toc53168527][bookmark: _Toc53169219][bookmark: _Toc53169911][bookmark: _Toc13066146]9.2.6.3	MU value derivation, FR1
Table 9.2.6.3-1 captures the uncertainty budget contributors and table 9.2.6.3-2 captures the derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in PWS.
Table 9.2.6.3-1: PWS measurement accuracy contributors for EIRP accuracy measurements, FR1
UID / Details in annex
Uncertainty source
Stage 2: BS measurement
A7-1a
Misalignment BS & pointing error
C1-1
RF power measurement equipment (e.g. spectrum analyzer, power meter)
[bookmark: RANGE!S158]A7-2a
Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for BS antenna
A7-3
RF leakage (calibration antenna connector terminated)
A7-4a
QZ ripple with BS
A7-5
Miscellaneous Uncertainty
A7-14
System non-linearity
A7-13
Frequency Flatness
Stage 1: Calibration measurement
C1-3
Uncertainty of the network analyzer
A7-6
Mismatch (i.e. reference antenna, network analyser and reference cable)
A7-7
Insertion loss variation 
A7-3
RF leakage (calibration antenna connector terminated)
A7-8
Influence of the calibration antenna feed cable
C1-4
Uncertainty of the absolute gain of the reference antenna
A7-9
Misalignment of positioning system
A7-1b
Misalignment of calibration antenna & pointing error
A7-10
Rotary joints
A7-2b
Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
A7-4b
QZ ripple with calibration antenna
A7-11
Switching uncertainty
A7-12
Field repeatability



Error contribution descriptions
The following sections describe in detail the corresponding evaluation, based on measurements in the range of 4.2GHz to 6GHz on the actual R&S implementation of PWS, for each of the MU terms highlighted in previous tables.
Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna/calibration antenna
As described in [4], this MU term covers both the standing wave between DUT or calibration antenna and the test range antenna as per section but it also counts for the PWS imperfect field synthesis over distance.
It is evaluated by means of an S21 measurement between the PWS and the DUT or calibration antenna, where the measurement distance is varied ±35mm from the reference at 1500mm. This variation corresponds to  for the lowest frequency range (i.e. 2300 MHz).
The maximum coupling deviation for each center frequency is calculated as follows, assuming a rectangular distribution:

	UID
	Uncertainty Source
	Value
4.2 < f ≤ 6 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
4.2 < f ≤ 6 GHz

	A7-2a
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for DUT antenna
	0.20
	dB
	Rectangular
	√3
	1
	0.12

	A7-2b
	Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for calibration antenna
	0.15
	dB
	Rectangular
	√3
	1
	0.09


QZ ripple with DUT/calibration antenna
Similar to what was described for lower frequencies in [5], 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 [7].
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 is shown in the following figure:
 [image: ]
Figure 3.1-1: 1D amplitude ripple is 0.22 dB; f = 5000 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
4.2 < f ≤ 6 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
4.2 < f ≤ 6 GHz

	A7-4a
	Normalized QZ ripple with DUT
	0.57
	dB
	Rectangular
	√3
	1
	0.33



The field distribution measurements (magnitude) are performed using a broadband dual polarized probe R&S TC-TA18 and a Vector Network Analyzer (e.g. R&S ZVA8) in order to get results like the one shown in figure 3.1-2.
 [image: ]
Figure 3.1-2: QZ field distribution, f = 5000 MHz. 

System non-linearity
As described in TR 37.941 [1], clause A.7, 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.
Following the same approach presented in [6] a test campaign was performed on R&S PWC200 to obtain the corresponding MU estimation for the frequency range between 4.2GHz and 6GHz.
According to the results from this measurement campaign, system non-linearity uncertainty is calculated using the worst case for each frequency range and combined as RSS for the two items:
	UID
	Uncertainty Source
	Value
4.2 < f ≤ 6 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
4.2 < f ≤ 6 GHz

	A7-14
	System non-linearity
	0.15
	dB
	Rectangular
	√3
	1
	0.09



Field repeatability
As described in [4], this MU term is assessed by repeated measurements after field calibration and the uncertainty terms is defined based on the maximum error between two individual measurements as:

	UID
	Uncertainty Source
	Value
4.2 < f ≤ 6 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
4.2 < f ≤ 6 GHz

	A7-14
	Field calibration repeatability
	0.15
	dB
	Normal
	1
	1
	0.15



Conclusion
In this contribution, proposed values for the pending MU terms for the Plane Wave Synthesizer has been provided to finalize the MU for 4.2GHz to 6GHz frequency range. 
The corresponding changes to TR 37.941 [1] are provided in the separate CR [2] and [3].
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