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1.	Introduction
Some of MU terms for spurious emission test cases are TBD though the original target date was over. In this paper we propose remaining MU elements for spurious measurement uncertainties. Note that quality of quiet zone for spurious emission test case is treated in the separated paper [2].
2.	Discussion
2.1	Amplifier Uncertainty
TBD remains only for f > 40.8GHz for amplifier uncertainties. In [2], 2.1dB was proposed for up to 66GHz but, it was not endorsed as concrete datasheet with commercial available amplifier covering above 50GHz was not provided.
The sample of amplifier 83050A in [1] has the higher uncertainty in terms of gain variation per temperature per ºC, and the MU was defined with the middle value of best and worst case assumption, which lead to 0.065 dB/ºC. So far, we don’t see commercially available amplifiers which have same performance above 50GHz with 83050A as of now, but it can be generally assumed that higher frequency range will not have better performance than lower frequency range, hence adopting smaller value for higher frequency due to no amplifier found in market is not reasonable choice.
Table 1: Examples of amplifier gain variation with temperature at mmWave frequencies quoted from [1]
	Manufacturer
	Model
	Amplifier type
	Frequency range [GHz]
	Output P1dB [dBm]
	Gain [dB]
	Temperature operating range [ºC]
	Gain variation with temperature in the operating range 

	RF-Lambda
	RLNA26G40GB
	Connectorized
	20-40
	(15, 22)
	(37, 45) 
	(-45, +55)
	± 3 dB
	± 0.03 dB/ºC

	RF-Lambda
	RFLUPA20G47GA
	Connectorized
	20-47
	(22, 24)
	(31, 38)
	(-45, +85)
	± 3 dB
	± 0.023 dB/ºC

	Analog Devices
	HMC5805ALS
	SMD part
	DC-40
	(19, 24.5)
	(9, 12.5)
	(-40, +85)
	 ± 3.125dB
	± 0.025 dB/ºC

	Analog Devices
	HMC943APM5E
	SMD part
	24-34
	(29, 33)
	(20.5, 23)
	(-40, +85)
	± 5 dB
	± 0.04 dB/ºC

	Keysight Technologies
	83050A
	Connectorized
	2-50
	13
	21
	(0, 55)
	± 4.95 dB
	± 0.09 dB/ºC



Since we can’t have discussion based on the datasheet of commercially available amplifiers, we would like to switch to discussion based on actual measurement data. 
According to measurement of temperature variation of real test system, following data is obtained.
	Frequency [GHz]
	Variation (1sigma)
	Tested temperature range

	40 <= f < 66
	+/-1.5dB
	25 +/-10ºC

	66 <= f <= 80 
	+/-3.0dB
	25 +/-10ºC



Note that these data are obtained as the total path loss variation of the switch box as a whole including amplifier gain variation, so it can include some temperature variation effect from other components than the amplifiers. This is different from the assumptions adopted ever, but it is considered to reflect more the actual performance of test system. 
Though 18 - 55 ºC temperature range is used in [1], this temperature range, especially maximum temperature 55 ºC, was not so realistic assumption for the environmental temperature outside switch box, while the temperature at amplifier or its vicinity can be high up to such as 55 ºC. In our view, 25 +/- 10 ºC can be practical enough for operating temperature range (=environmental temperature range) thus can be used for justify amplifier uncertainty values.
For up to 66GhHz, we obtained +/- 1.5dB based on the measurement which is smaller than in-band MU based on the rationale in [4]. With this situation, we propose to keep 2.1dB up to 66GHz considering some margin for e.g. induvial differences.
[bookmark: p211]Proposal 2.1.1 : For “Amplifier uncertainty” for spurious emission for IFF, apply +/- 2.1dB for 40.8 GHz  <=  f <= 66GHz.
For 66GHz and above, considering the factor from induvial differences of 0.1dB, we propose +/- 3.1dB.
Proposal 2.1.2 : For “Amplifier uncertainty” for spurious emission for IFF, apply +/- 3.1dB for 66 GHz  <=  f <= 87GHz.

2.2	Uncertainty of the absolute gain of the calibration antenna
As we discussed in [2], considering the performance of real antenna calibration labs over the world, our view is that 1.0dB is reasonable choice rather than the already agreed value of 0.6dB for in-band measurement. 
The view from the RAN5 was to adopt different value from in-band measurement has lack of consistency. (If all the MU are changed to 1.0dB then it was accepted, but was not endorsed because it changes the already agreed in-band MUs)
As a compromise we propose to adopt 0.6dB for frequency less than in-band (40.8GHz)  but we are still holding our view that 0.6dB uncertainty is not always achievable in some regions e.g. in Japan. (In that case, total MU needs to be met, by achieving lower MUs in other MU elements)
[bookmark: o221]Observation 2.2.1 : 0.6dB MU will not be achievable in some antenna calibration labs in some region. 
[bookmark: p221]Proposal 2.2.1 : For “Uncertainty of the absolute gain of the calibration antenna” for spurious emission for IFF, apply 0.6 dB for 6GHz <= f  <= 40.8GHz 
2.3	Other values in [ ]
For other values, we put [ ] for further check from TE vendors before finalizing them. Hence, it is proposed to remove [ ] and fix the values with them unless additional analysis is provided for discussion in RAN5#86.
[bookmark: p231]Proposal 2.3.1 : Remove [ ] from the values having [ ] in TR 38.903 v16.2.0 for spurious emission test except for:
· XPD uncertainty proposed in Keysight R5-200326
· Apply 4.0dB for RF power measurements for frequency range between 40.8 and 66GHz due to outcome of discussion during RAN5# 86e.
· Apply VNA uncertainty for following values due to outcome of discussion during RAN5#86e based on commercially available VNA uncertainty specs.
	 
	6-12.75 GHz
	12.75-23.45 GHz
	23-45-40.8 GHz
	40.8-66GHz
	66GHz-80 GHz

	Uncertainty of the Network Analyzer
Extended MU
[dB]
	0.9
	0.9
	1.5
	1.7
	TBD




3. Conclusion
In this contribution, we give the analysis and proposals for some remaining MU terms for spurious emission test case.
Followings are observed:
Observation 2.2.1 : 0.6dB MU will not be achievable in some antenna calibration labs in some region. 
RAN5 is asked to endorse following proposals.
Proposal 2.1.1 : For “Amplifier uncertainty” for spurious emission for IFF, apply +/- 2.1dB for 40.8 GHz  <=  f <= 66GHz.
For 66GHz and above, considering the factor from induvial differences of 0.1dB, we propose +/- 3.1dB.
Proposal 2.1.2 : For “Amplifier uncertainty” for spurious emission for IFF, apply +/- 3.1dB for 66 GHz  <=  f <= 87GHz.

Proposal 2.2.1 : For “Uncertainty of the absolute gain of the calibration antenna” for spurious emission for IFF, apply 0.6 dB for 6GHz <= f  <= 40.8GHz 
Proposal 2.3.1 : Remove [ ] from the values having [ ] in TR 38.903 v16.2.0 for spurious emission test except for:
· XPD uncertainty proposed in Keysight R5-200326
· Apply 4.0dB for RF power measurements for frequency range between 40.8 and 66GHz due to outcome of discussion during RAN5# 86e.
· Apply VNA uncertainty for following values due to outcome of discussion during RAN5#86e based on commercially available VNA uncertainty specs.
	 
	6-12.75 GHz
	12.75-23.45 GHz
	23-45-40.8 GHz
	40.8-66GHz
	66GHz-80 GHz

	Uncertainty of the Network Analyzer
Extended MU
[dB]
	0.9
	0.9
	1.5
	1.7
	TBD
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