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Introduction
[bookmark: _GoBack]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 term that was still pending for the frequency range up to 4.2GHz.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]MU budget
The following is the MU budget table applicable to PWS, as agreed in TR 37.941 [1], for EIRP measurements where the pending MU term that required further analysis is highlighted:
[bookmark: _Toc21086253][bookmark: _Toc29768690][bookmark: _Toc32332070][bookmark: _Toc37429985][bookmark: _Toc43739059][bookmark: _Toc46346820]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
A7-4a
QZ ripple with calibration antenna
A7-11
Switching uncertainty
A7-12
Field repeatability


System non-linearity error contribution
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.

A testing campaign was performed on R&S PWC200 to obtain the corresponding MU estimation. Figure 3-1 presents the overall system setup:
[image: ]
Figure 3-1: Test setup for System Non-linearity

Following the definition above, system non-linearity in power was tested over a range of transmitted powers, being the highest one the limit of the maximum rated Power Density (PD) per section of the PWS area (e.g. dBm/cm2). A brief example of the results is shown in the following figures:

Figure 3-2: Non-linearity in power, f = 2500 MHz



Figure 3-3: Non-linearity in power, f = 3650 MHz 

Using the same system setup, system non-linearity in time was tested over a period time using a fixed transmitted power close to the limit of the maximum rated Power Density (PD) per section of the PWS area (e.g. dBm/cm2). A brief example of the results is shown in the following figure:

Figure 3-4: Non-linearity in time, f = 3650 MHz 


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
f < 3 GHz
	Value
3 > f > 4.2 GHz
	Unit
	Distr.
	Divisor
	Sens.
	ui (dB)
f < 3 GHz
	ui (dB)
3 > f > 4.2 GHz

	A7-14
	System non-linearity
	0.10
	0.10
	dB
	Rectangular
	√3
	1
	0.058
	0.058



MU values
Following the same procedure in [4] and [5], full MU tables are presented in the excel spreadsheets attached to this contribution, were the updated tabs and values are highlighted (in red). Just for clarity, only affected tables for PWS in TR 37.941 [1] are presented in the spreadsheets.
Furthermore, MU tables updates are provided in the corresponding CR [6] covering all applicable test cases.
It has to be noted that some uncertainty values remain still between brackets for the frequency range between 4.2GHz and 6GHz. For instance:
· Longitudinal position uncertainty (i.e. standing wave and imperfect field synthesis) for BS antenna / calibration antenna
· QZ ripple with BS
· System non-linearity
· Field repeatability
The cells with corresponding values for this pending terms highlighted (in cyan) in the attached spreadsheet.
Further measurements to cover this frequency range are ongoing and values will be presented in upcoming meetings.
Conclusion
In this contribution, the results from the test campaign to finalize the value for System non-linearity uncertainty source to PWS have been presented. 
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