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Introduction
This contribution provides update on our proposal on various TE MU numbers for FR2-2 frequency range.

Discussion

This paper proposes test equipment related MU values for FR2-2 BS conformance testing. Some values are updated from previous numbers we proposed but some are the same because we found no reason to update. 
For power sensor/meter for power measurement and signal generator with power sensor, details are provided by our other tdoc [6] (R4-2302266 FR2-2 BS conformance test system consideration for use of power sensor). 

Spectrum analyzer for in-band measurement EIRP
· Propose MU value is 2.0 (1 sigma), please note that this value is taken from TR38.903 UE spurs emission measurement as already agreed value by TE venders.

Spectrum analyzer for ACLR relative, absolute
Because of there is wider signal bandwidth and adjacent frequency range to measure, it is necessary to take very wide range of frequency which increases uncertainty. Use the number proposed for measuring with mixer as possible smaller value for this MU.
Signal Generator (modulated)
There is update on signal generator MUs because of use of power sensor as power level monitoring and controlling equipment. Please see detail on our other contribution on this topic. Please note that power sensor is needed to monitor and continuously controlling power level during testing, NOT just to be used as calibration device. This value is for modulated wanted and interferer for in-band.
· Signal generator and up converter with power level monitored and controlled by power sensor. 0.98 (1 sigma) 

Signal Generator CW
For CW signal, with using power sensor approach, because CW or modulated signal, it doesn’t matter for accuracy, same value can be used for CW generator.
· For in-band and out of band CW interferer up to 142 GHz, same value as wanted signal, 0.98 (1 sigma)
Mismatch terms 
There is update on mismatch number because of necessity of filter for the case of power sensor used when applicable, and for EIS, due to monitoring for power levelling, power splitter is added. Configuration of system assumption and use of components are changed comparing from previously assumed, which only antenna (with OMT), cable or waveguide, LNA or PA.
Proposed numbers for EIRP by power sensor as measuring equipment

· Up to 71GHz, 1.18 (1 sigma)

Proposed number for use with Spectrum Analyzer as measuring equipment (some adjustment made)
· For in-band, assume the same number as power sensor use case

· Up to 110 GHz, 1.15 (1 sigma)
· Up to 142 GHz, 1.07 (1 sigma)
Assumed system configuration is

· Power measurement equipment – Bandpass Filter – LNA – Horn Antenna with OMT

For EIS case, mismatch term (B2-5)
Mis-match term B2-5 is about multiple reflections between transmitting antenna and the signal generation equipment. Because of power sensor is assumed in use for power monitoring and control, taking contribution from power splitter (as signal generation equipment connection point) to feed horn. 

Assumed system configuration is

· Up to 71GHz, 0.91 (1 sigma)

Assumed system configuration is;

· Power Splitter – PA – Feed horn Antenna with OMT
Please note that various vender’s data sheets are looked at for calculating these numbers, however, because of limited availability of information, in some cases, limited number of values are used for this assumption. 

Here is list of venders looked at

· PA, LNA – Eravant, RF-lambda

· Waveguide components – Eravant, Pasternack

· Co-ax components, Keysight, Anritsu, WT microwave, Eravant
LNA and PA MU term – no update
As number proposed in previous meeting which is taken from TR38.903 as agreed value, 1.50 (1 sigma) should be used. 

EVM 

We would like to confirm our proposed number 1.1% for FR2-2 then propose to remove [ ].
From our data, flatness contribution on amplitude variation becomes twice or more (in variation of measured result). With having this from very wide bandwidth of FR2-2, it’s reasonable to add some on existing number. 
In high level, uncertainty of EVM is from noise (from noise floor of system and equipment) and amplitude/phase variation not corrected by equalizer, although we don’t have data, phase variation with wide bandwidth measurement could also be increased.

OBW MU
We support proposed value 2400 kHz and propose to remove [ ].
Standard test equipment measurement uncertainty tables (Proposal) – with updated numbers
Please see also our tdoc[6] for details on some values. 

For inband measurement
Table 1. For 71GHz extension, in-band measurement (all numbers are 1 sigma )
	UID
	Uncertainty source
	

	
	Test equipment
	57 < f ≤ 71 GHz
	Note

	C1-3
	Uncertainty of the Network Analyzer
	0.85
	

	C1-1
	Uncertainty of the RF power measurement equipment (spectrum analyzer) without use of mixer for FR2-2
	2.0
	   Spectrum Analyzer for FR2-2 frequency range

	C1-7
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) – low power (UEM absolute ACLR)
	2.36
	Use the same number as C1-10

 ACLR measurement for wider bandwidth increase uncertainty

	C1-8
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) – relative (ACLR)
	2.36
	Same as C1-7

	C1-9
	Uncertainty of the RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time domain wideband measurement for FR2
	2.61
	Use FR2-1 off power, 24~29G 1.25 as IF MU

IF mismatch 0.41

With RSS of 1.25, 2.25, 0.41 makes 2.61

	C1-10
	Uncertainty of the RF power measurement equipment with use of mixer (e.g. spectrum analyzer, mixer)
	2.36
	RSS of following IF measurement 0.6 and mixer (A2-20) and IF mismatch = 0.41

	
	Unceratinty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) for IF used with mixer
	0.6
	Assuming IF frequency range up to 20 GHz for inband

For out of band, use 0.7 up to 29G

	A2-20
	Uncertainty of the mixer (FR2 only)
	2.25
	Use the same mixer MU value

previously agreed

	
	
	
	

	C1-11
	Uncertainty of the RF Signal Generator with power monitoring and controlling by power sensor
	0.98
	New for Rx test

	
	
	
	

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver for inband
	1.18
	Updated

	A2-5b
	Mismatch of receiver chain for low power receiver
	1.18
	Updated, same as A2-5b

	B2-5
	Mismatch of transmit chain (i.e. between transmitting measurement antenna and BS) for inband
	0.91
	Updated

	
	
	
	

	A2-19
	Uncertainty of the LNA (FR2 only)
	1.50
	Use 1.50 for LNA 

	MUPA
	MUPA Uncertainty due to use of PA
	1.50
	Same as LNA

	
	OTA modulation quality
	1.1%
	Slight increase proposed


For out of band measurement

Table 2. For 71 GHz extension, out of band measurement

	UID
	Uncertainty source
	
	

	
	Test equipment
	60 < f ≤ 110 GHz for Unwanted Emission
	110 < f ≤ 142 GHz for Unwanted Emission
	Note

	C1-3
	Uncertainty of the Network Analyzer
	0.85
	0.85
	

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter, power sensor)
	2.39


	2.49


	RSS of IF measurement below, Mixer (A2-20) with IF mismatch = 0.41

	
	Unceratinty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) for IF used with mixer
	0.7
	0.7
	Assuming IF frequency range up to 20 GHz, 0.7 up to 29G

	A2-20
	Uncertainty of the mixer (FR2 only)
	2.25
	2.35
	2.35 is estimated 0.1 increase from 2.25

Including IF mismatch between mixer and Spectrum Analyzer

	MUooBint
	Uncertainty of the RF Signal Generator with power monitoring and controlling by power sensor (CW)
	0.98
	0.98
	Updated

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	1.15
	1.07
	Updated

	A2-5b
	Mismatch of receiver chain for low power receiver
	1.15
	1.07
	Use same value as A2-5a

	A2-19
	Uncertainty of the LNA (FR2 only)
	1.50
	1.50
	Use value from UE test

	MUPA
	MUPA Uncertainty due to use of PA
	1.50
	1.50
	Use value from UE test


MU calculation for test system MU
Spreadsheet from TR37.941 is modified and used for calculation, following is proposed value (for actual calculation, please see each sheet which are attached to this contribution) 
Table 3. For 71 GHz extension, Tx test system MU proposal

	Proposed Test system MU

 From CATR Tx MU calculation

	

	
	52.6<f
≤71.0 GHz

	EIRP - Normal conditions
	5.03

	EIRP - Extreme conditions
	5.62

	Power dynamics
	0.40

	EVM (%)
	1.10

	Tx OFF
	6.01

	In-band TRP
	5.93

	ACLR- absolute
	6.43

	ACLR - relative
	6.39

	OBUE
	6.44







Table 4. For 71 GHz extension, Tx test system, Spurious Emission MU proposal

	From CATR Tx MU calculation
	71GHz<f ≤110GHz
	110GHz<f ≤142GHz

	OOB EM
	6.47
	6.56

	RX EM
	6.47
	6.56







Table 5. For 71 GHz extension, Rx test system MU proposal EIS

	From CATR Rx MU calculation
	52.6<f
≤71.0 GHz

	EIS 
	4.43








Table 6. For 71 GHz extension, Rx test system MU proposal, ACS etc.
	Test items
	52.6<f
≤71.0 GHz

	ACS/IBB/ICS
	6.1

	Rx IM
	6.4

	Rx OOB
	6.1
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