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1. Introduction

In RAN4 #87, the procedure, framework, and measurement uncertainty for FR1 directional requirements was settled. Some tentative and preliminary values for FR2 EIRP accuracy was also presented earlier in RAN4. Considering the need to settle the measurement uncertainties for unwanted emission requirements which have regulatory nature as regulation in some region is ongoing in parallel to 3GPP, the FR1 TRP based measurement uncertainties are further elaborated in [1].

The FR2 spurious emission measurement uncertainties can be treated in future meetings as the test tolerance is in any case likely to be set to 0 dB for spurious emission both in RAN4 specifications as well as many regulations. It should be noted that for FR2, the spurious emission is specified from 30 MHz to second harmonics. Given the large applicable frequency range, for lower frequencies EMC type of measurements would be a possibility while for higher frequencies e.g. larger than 40 GHz, a down conversion of measured signal would be needed due to limited frequency range of measurement instruments. Thus both for lower and higher frequencies, the measurement uncertainty may be affected.

In this paper, the background for FR2 OBUE and ACLR uncertainty budget is discussed and tentative measurement uncertainties for compact test range (CATR) are outlined. 
2. Discussion
As unwanted emissions are specified with TRP as metric, the measurement method using sparse grid has been discussed for quite some time in RAN4. The proposed TRP measurement method consider full sphere and orthogonal cuts, grid options, measurement of power spectral density in near field, reference steps and compensation of systematic delta TRP and is described in detail in [2, 3, 4 and 5].

Based on the TRP measurement method, each measured sample in the grid would have same measurement uncertainty as EIRP accuracy and since TRP OBUE is the integration of all measured EIRP samples, the measurement uncertainty for OBUE cannot be higher than for each measured sample. Consequently, the FR2 OBUE measurement uncertainty can not be higher than the EIRP measurement uncertainty if the input power to the measurement instrument is above a minimum input level. The tentative measurement uncertainty value for FR2 EIRP accuracy is described in detail in [1] and framework which can be seen in annex A proposes 2 measurement uncertainty level of around ~1.7 dB for ~28 GHz and ~2.0 dB for ~39 GHz respectively which we propose to be used for FR2 OBUE.
In addition, the using EIRP accuracy measurement uncertainty is assuming long enough sweeping time. Possibly, to speed up the measurements, a shorter sweeping time could affect the proposed measurement uncertainty. 

The same analogy applies on relative ACLR, where each measured sample of wanted signal and adjacent channel emission would have measurement uncertainty not higher than measurement uncertainty for EIRP accuracy factors with a difference in equipment measurement uncertainty for relative measurements. Thus, the measurement uncertainty for relative ACLR considering the measurement equipment uncertainty for relative measurements is lower compared to OBUE is given in Table 1 and 2.
Table 1
CATR uncertainty budget format for relative ACLR measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	B2-1

	2
	RF power measurement equipment
	E

	5
	QZ ripple DUT
	B2-5

	Stage 1: Calibration measurement

	6
	Uncertainty of network analyser
	E

	7
	Mismatch of receiver chain
	B2-7

	8
	Insertion loss variation of receiver chain
	B2-8

	17
	Switching uncertainty
	B2-15


Table 2
CATR uncertainty assessment for relative ACLR measurement

	Relative ACLR uncertainty budget

	UID
	Uncertainty Source
	Uncertainty value

24.25<f

<29.5GHz
	Uncertainty value

37<f

<40GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]

24.25<f

<29.5GHz
	Standard uncertainty ui [dB]

37<f

<40GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	0
	0
	Exp. normal
	2
	1 
	0
	0

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.5
	0.5
	 Gaussian
	1
	 1
	0.5
	0.5

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.3
	0.3
	Normal
	1
	1
	0.3
	0.3

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.43
	0.57
	U-shaped
	√2
	1 
	0.30
	0.40

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.10
	0.10

	17
	Switching uncertainty
	0.43
	0.43
	Rectangular
	√3
	1
	0.25
	0.25

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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Thus, the measurement uncertainty for relative ACLR would be ~1.4 dB for 28 GHz and ~1.5 dB for 39 GHz respectively.
The measurement uncertainty for absolute ACLR and CACLR for FR2 would require further investigation.
3. Conclusion

In this paper, the discussion on FR2 OBUE and ACLR measurement uncertainty was initiated. Considering the TRP measurement method where each measured sample would have measurement uncertainty corresponding to EIRP accuracy, after integration the TRP measurement uncertainty would not be higher than for EIRP accuracy.

Thus, it is proposed to use same measurement uncertainty for FR2 OBUE as EIRP accuracy which is around +/-1.7 dB for 28 GHz and ~+/- 2 dB for 39 GHz respectively.  
For relative ACLR due to difference in measurement equipment uncertainty for relative measurements, the proposed measurement uncertainty would be ~1.4 dB for 28 GHz and 1.5 dB for 39 GHz respectively.
The measurement uncertainty for spurious emission which covers significantly larger frequency range with other constrains at lower and higher frequencies due to test tolerance of 0 dB can be settled in the coming meetings.
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Annex A:

Compact antenna test range uncertainty assessment for EIRP measurement

	UID
	Uncertainty Source
	Uncertainty value

24.25<f

<29.5GHz
	Uncertainty value

37<f

<40GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]
24.25<f

<29.5GHz
	Standard uncertainty ui [dB]
37<f

<40GHz

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	0.2
	0.2
	Exp. normal
	2
	1 
	0.1
	0.1

	2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.5
	0.7
	 Gaussian
	1
	 1
	0.5
	0.7

	3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0.15
	0.15

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

	5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0.0928
	0.0928

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.3
	0.3
	Normal
	1
	1
	0.3
	0.3

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.43
	0.57
	U-shaped
	√2
	1 
	0.3
	0.4

	8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.1
	0.1

	9
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0.01
	0.01

	10
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	√2
	1
	0.15
	0.2

	11
	SGH Calibration uncertainty
	0.52
	0.52
	Rectangular
	√3
	1
	0.3
	0.3

	12
	Misalignment positioning system
	0.2
	0.2
	Exp. normal 
	2
	1
	0.1
	0.1

	13
	Misalignment SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	14
	Rotary joints
	0
	0
	U-shaped
	√2
	1
	0
	0

	15
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0.06  
	0.06  

	16
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0.009
	0.009

	17
	Switching uncertainty
	0.43
	0.43
	Rectangular
	√3
	1
	0.25
	0.25

	Combined standard uncertainty (1σ) [dB]
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	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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