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1. Introduction
During RAN4#86, it was agreed in [3] to re-use existing FR1 measurement uncertainties as much as possible for deriving FR2 uncertainties. Based on this principle, this contribution presents an example measurement uncertainty framework and assessment for radiated transmit power measurement in a shielded anechoic chamber which is one possible method for conformance testing of FR2 NR base stations. The values are presented as an example to start a discussion on the MU budget for FR2. It should be noted that the values are tentative and are valid for around 28GHz; further work may be needed for the 39GHz band.

In addition to EIRP accuracy, TX power dynamic range is considered.


2. Discussion
2.1 EIRP accuracy

Based on eAAS OTA radiated transmit power in [1], test methods and framework on uncertainty budget have been reused.
When compared with FR1, the main difference for FR2 in terms of measurement uncertainty will be the test equipment uncertainty. Common test equipment uncertainty, and frequency ranges within which uncertainty values are assumed is the subject of a separate discussion [2]; the values here are illustrative. The OTA test environment scales with frequency and it is assumed that the quiet zone size is also scaled with the DUT size, maintaining the same uncertainty. The beamwidth and relative antenna aperture for 28GHz may be similar to FR1, leading to similar beam pointing error etc. related uncertainties. Thus, the main difference for FR2 is in the test equipment rather than the other factors.
Based on these principles, the measurement uncertainty budget has been adjusted for the FR2 frequencies, and in the following tables presented for a 28GHz case.

This contribution shows that if a power meter is used as the test instrument, and with relatively narrow frequency ranges for FR2, reasonable uncertainty values are achievable. 

Description of uncertainty contributions for FR1 can be found in [1].
 Indoor Anechoic Chamber uncertainty contributions for AAS BS EIRP measurement
	UID
	Description of uncertainty contribution
	Details in annex of [1]

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	B1-1

	2
	Pointing misalignment between the AAS BS and the receiving antenna.
	B1-2

	3
	Quality of quiet zone
	B1-3

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	B1-4

	5
	Mutual coupling between the AAS BS and the receiving antenna
	B1-5

	6
	Phase curvature
	B1-6

	7
	Uncertainty of the RF power measurement equipment
	E

	8
	Impedance mismatch in the receiving chain
	B1-8

	9
	Random uncertainty
	B1-9

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer 
	B1-10

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B1-11

	12
	Impedance mismatch between the reference antenna and the network analyzer
	B1-12

	13
	Quality of quiet zone
	B1-3

	14
	Polarization mismatch for reference antenna
	B1-4

	15
	Mutual coupling between the reference antenna and the receiving antenna
	B1-5

	16
	Phase curvature 
	B1-6

	17
	Uncertainty of the Network Analyzer
	E

	18
	Influence of the reference antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability
	B1-14

	19
	Reference antenna feed cable loss measurement uncertainty
	B1-15

	20
	Influence of the receiving antenna feed cable
a)	Flexing cables, adapters, attenuators, and connector repeatability
	B1-16

	21
	Uncertainty of the absolute gain of the reference antenna
	E

	22
	Uncertainty of the absolute gain of the receiving antenna
	B1-18



 Indoor Anechoic Chamber uncertainty assessment for EIRP measurement
	UID
	Uncertainty source
	Uncertainty value
27GHz < f ≦ 29GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
27GHz < f ≦ 29 GHz

	Stage 2: DUT measurement

	1
	Positioning misalignment between the AAS BS and the reference antenna
	0.03
	Rectangular
	√3
	1
	0.02

	2
	Pointing misalignment between the AAS BS and the receiving antenna
	0

	Rectangular
	√3
	1
	0.00

	3
	Quality of quiet zone
	0.10
	Gaussian
	1
	1
	0.10

	4
	Polarization mismatch between the AAS BS and the receiving antenna
	0
	Rectangular
	√3
	1
	0.00

	5
	Mutual coupling between the AAS BS and the receiving antenna
	0
	Rectangular
	√3
	1
	0.00

	6
	Phase curvature
	0.05
	Gaussian
	1
	
	0.05

	7
	Uncertainty of the RF Power Measurement Equipment
	0.07
	Gaussian
	1
	1
	0.07

	8
	Impedance mismatch in the receiving chain
	0.22
	U-shaped
	√2
	1
	0.16

	9
	Random uncertainty
	0.1
	Rectangular
	√3
	1
	0.06

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the receiving antenna and the network analyzer
	0.14
	U-shaped
	√2
	1
	0.10

	11
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.01
	Rectangular
	√3
	1
	0.01

	12
	Impedance mismatch between the reference antenna and the network analyzer.
	0.14
	U-shaped
	√2
	1
	0.10

	13
	Quality of quiet zone
	0.10
	Gaussian
	1
	1
	0.10

	14
	Polarization mismatch for reference antenna
	0
	Rectangular
	√3
	1
	0.00

	15
	Mutual coupling between the reference antenna and the receiving antenna
	0
	Rectangular
	√3
	1
	0.00

	16
	Phase curvature
	0.05
	Gaussian
	1
	1
	0.05

	17
	Uncertainty of the network analyzer
	0.1
	Gaussian
	1
	1
	0.10

	18
	Influence of the reference antenna feed cable
	0.05
	Rectangular
	√3
	1
	0.03

	19
	Reference antenna feed cable loss measurement uncertainty
	0
	Gaussian
	1
	1
	0.00

	20
	Influence of the receiving antenna feed cable
	0.05
	Rectangular
	√3
	1
	0.03

	21
	Uncertainty of the absolute gain of the reference antenna
	0.26
	Rectangular
	√3
	1
	0.15

	22
	Uncertainty of the absolute gain of the receiving antenna
	0.00
	Rectangular
	√3
	1
	0.00

	Combined standard uncertainty (1σ) [dB]


	0.33

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


	0.65




2.2 TX total power dynamic range

It is also necessary to measure the dynamic range of the TX power; i.e. verify that the power is able to be set in the range from single PRB transmission to full PRB transmission. Assessing TX total power dynamic range involves measuring the power twice, with the same orientation of the DUT and the same beam settings. For the first measurement, all PRBs are transmitted and for the second measurement, a single PRB.
All of the OTA measurement related contributors can be expected to cancel for this measurement. The uncertainty of the test equipment may differ between the two power levels, and the uncertainty contribution may be random; thus the measurement equipment relative uncertainty needs to be elaborated to determine the TX power dynamic range uncertainty.


3. Conclusion
[bookmark: _GoBack]This contribution presents an example of the measurement uncertainty framework and budget for radiated transmit power measurement for the 28GHz case. By using a power meter as test instrument, reasonable uncertainty values can be obtained.
Further discussions should consider:
· OTA impacts at other parts of the FR2 frequency range
· Test equipment uncertainties
· An appropriate partitioning of the 24-56GHz range for measurement uncertainty characterization
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