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Introduction
At the last RAN4 #90bis meeting in Xi’an, the technical background and test procedures for FR2 OTA Tx OFF power and ON/OFF transient time were approved in contributions [1][2]. Regarding the associated MU table, a draftCR was also endorsed [3]. However, based on the analysis from [4], the final MU value was still undecided due to factor E2-2, the RF power measurement equipment, especially the spectrum analyzer.
In this contribution, we further discuss this issue to provide some insights to the value of MU.
Discussion
1. Background
According to the offline discussion in RAN4 #90bis and the approved CR, the following MU table was included in 38.817-02:
	UID
	Uncertainty Source
	Uncertainty value
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui (dB)(dB)
	Standard uncertainty ui (dB)(dB)

	(Note 1)
	
	24.25<f
	37<f
	
	
	
	24.25<f
	37<f

	 
	
	<29.5GHz
	<40GHz
	
	
	
	<29.5GHz
	<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment  DUT & pointing error
	0.3
	0.3
	Exp. normal
	2
	1 
	0.15
	0.15

	Note 2
	RF power measurement equipment 
	[1.4]
	[1.4]
	 Gaussian
	1
	 1
	[1.4]
	[1.4]

	E2-3
	Standing wave between DUT and test range antenna
	0.03
	0.03
	U-shaped
	1.414
	1 
	0.02
	0.02

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0.01
	0.01

	E2-5
	QZ ripple with DUT
	0.4
	0.4
	Normal 
	1
	1
	0.4
	0.4

	E2-16
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.2
	0.2
	Normal
	1
	1
	0.2
	0.2

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.72
	0.72
	U-shaped
	1.414
	1 
	0.51
	0.51

	E2-8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	1.732
	1
	0.1
	0.1

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0.01
	0.01

	E2-9
	Influence of the calibration antenna feed cable
	0
	0
	U-shaped
	1.414
	1
	0
	0

	E2-10
	SGH Calibration uncertainty
	0.5
	0.5
	Rectangular
	1.732
	1
	0.3
	0.3

	E2-11
	Misalignment  positioning system
	0.2
	0.2
	Exp. normal 
	2
	1
	0.1
	0.1

	E2-1
	Misalignment  SGH and pointing error
	0
	0
	Exp. normal
	2
	1
	0
	0

	E2-12
	Rotary joints
	0
	0
	U-shaped
	1.414
	1
	0
	0

	E2-3
	Standing wave between SGH and test range antenna
	0.03
	0.03
	U-shaped
	1.414
	1 
	0.02
	0.02

	E2-5
	QZ ripple with SGH
	0.07
	0.07
	Normal
	1
	1
	0.07
	0.07

	E2-15
	Switching uncertainty
	0.1
	0.1
	Rectangular
	1.732
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)(dB)
	[1.62]
	[1,62]

	
	
	

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)(dB)
	[3.2]
	[3.2]

	
	
	

	Note 1:	UID are referenced to TR 37.843 [9].
Note 2: RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time swept measurement for FR2 is given as [1.4] dB



This MU table is mostly based on the MU table for OBUE since both cases need to measure the signal at low power level. The yellow highlighted item was the MU contribution due to the spectrum analyzer when measuring small power level. It is suggested in the last RAN4 meeting to be 1.4dB for both 24.25GHz to 29.5GHz and 37GHz to 40GHz. The resulting MU is therefore calculated as 3.2dB for both frequency ranges. Companies especially the TE vendors are encouraged to provide more details in RAN4 #91 meeting.
2. Discussion
Observation 1: A large MU may further affect the OFF power requirement under the current assumption.
The FR2 OTA Tx OFF power was defined as TRP in the core requirement but used as EIRP requirement in the comformance testing. The relationship is transferred by assuming full antenna gain. This is however a compromise between testablity and accuracy. The actual antenna gain in the transient process may not be observed as full gain exactly. Instead, the full gain can be assumed as an upper bound for the actual gain when the OFF power is measured. For example, assuming the antenna gain as 27dBi as in [5], the resulting EIRP test requirement becomes -9dBm/MHz + 3.2dB. If only element gain is assumed, which can be assumed to be a lower bound as in [5], the EIRP test level may be -30dBm/MHz + 3.2dB. Although the two cases may not be fully comparable, a large MU is possible to further affect the comformance testing requirement with the current assumption. Therefore, a lower MU value is highly preferred.
Observation 2: FR1 MU value is of limited importance in the analysis of FR2 MU value.
It was mentioned in the last meeting that MU for FR1 is determined as 3.4 dB, f ≤ 3.0 GHz, 3.6 dB, 3.0 GHz < f ≤ 6 GHz. In the discussion, whether these values can be helpful in understanding the value of FR2 was mentioned. FR1 OFF power was measured as a co-location requirement and tested in an anechoic chamber with a CLTA. The MU increase mainly comes from the CLTA placement and selection. This is not applicable in the context of FR2 OFF power MU value. Therefore, the OFF power MU in FR1 has limited value in determing FR2 MU value.
Observation 3: The spectrum analyzer uncertainty is of limited impact under the current analysis.
According to [6], the SA sensitivities are listed as -96dBm/MHz at 40GHz and -102dBm/MHz at 28GHz. The corresponding EIRP are -86dBm/MHz and -79dBm/MHz respectively. Therefore, enough sensitivities are provided. 
To properly measure the EIRP, the following three factors may need to be considered. Firstly, RBW of the SA needs to be small for good sensitivity. Secondly, the sweep time also needs to be small to ensure the measurement time. Considering the BS is switched from ON to OFF, the attenuation level may also be challenging for good sensitivity and proper input level. Detailed analysis is needed from the TE vendors to provide insight on these issues and the time-gated method that only sweeps during the time interval of the gate may be an alternative option to solve these concerns.
Conclusions
In this contribution, factors related to the MU are discussed. The following proposal is made:
Proposal: Detailed analysis from TE vendors are needed before the determination of the final MU value.
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