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

Discussion

Frequency range

Considering operating band frequency range of n263, which is from 57.0 GHz to 71.0 GHz, it is reasonable to consider this range as in-band measurement range. Considering ACLR measurement which is done close but outside of channel, setting 73 GHz as max for ACLR is also reasonable.

For Frequency above 71 GHz, up to spurious max 142 GHz, it is reasonable to consider 110 GHz as one break point where co-ax cable frequency coverage max point of 1.0 mm connector, then above 110 GHz point where must to switch to waveguide WR-06 as connecting device. 

Proposal 1, three frequency range, 57 ~ 71 GHz for in-band, for Spurious measurement, 60 ~ 110 GHz (below 60 GHz has already agreed numbers for FR2-1), 110 GHz ~ 142 GHz.

Various Equipment MU background (except power measurement. Please refer to our other contribution R4-2219449)

Signal Generator (modulated)
For in-band frequency range to cover, it is necessary to use up converter for modulated signal, so that this number is combination of Vector Signal Generator (IF), mixer (as up converter, include LO stability) and IF mismatch. Assuming x4 multiplier, IF frequency is in 14 ~ 18 GHz range. RSS of following makes 2.38 as modulated SG.
· Signal generator IF, 0.7 (1 sigma) 

· Mixer (up converter) 2.25 (1 sigma)

· IF mismatch, 0.29 (1 sigma) 

· Proposed SG modulated – 2.37
Signal Generator CW
For CW signal, which is used as interferer, has already agreed value up to 60 GHz for FR2-1 spurious, which is 1.1. Frequency above 60 GHz up to 67GHz, there is Signal Generator to cover this range, Above 67 GHz, up converter or frequency multiplier is necessary to cover up to 142 GHz. 
· Signal Generator IF CW, 0.5 (1 sigma)
· Mixer (up converter) 2.25 (1 sigma) up to 110 GHz, 2.35 (1 sigma) up to 142 GHz (with 0.1 estimated increase)
· IF mismatch, 0.29 (1 sigma)

· Proposed SG CW up to 110 GHz- 2.32

· Proposed SG CW up to 142 GHz – 2.42 
Network analyzer terms
There is agreed value in UE test system analysis up to 80 GHz, which is 0.85 (1 sigma) from TS38.903. Above 80 GHz, and even above up to 142 GHz where waveguide is used for connection, propose to use the same value 0.85 (1 sigma).
Mismatch terms

There is three mismatch term listed to consider for A2-5(a for EIRP, A2-5(b for OBUE, Tx Off power, also B2-5 for EIS.
With consideration of market demand which is to lower system MU as much as possible, simplified configuration is assumed, which is only with Antenna (with OMT), cable or waveguide, LNA or PA, cable, test equipment (or up/down converter).

· Up to 71GHz, 0.97 (1 sigma)

· Up to 110 GHz (from 71 GHz), 1.19 (1 sigma)

· Up to 142 GHz (from 110 GHz), 1.14 (1 sigma)

For Tx side of feed during calibration B2-5 is assumed to have Network Analyzer or Up Converter, cable/Waveguide, adapter/bend, feed antenna, as components to contribute, simplified setup.

· Up to 71GHz, 1.09 (1 sigma)

· Up to 110 GHz, 1.22 (1 sigma)

· Up to 142 GHz, 0.97 (1 sigma )

LNA and PA MU term

For LNA and PA uncertainty, even calibration process is performed to measure gain over necessary frequency range, it is necessary to consider stability. For this MU purpose, UE test has value up to 80 GHz (for TRP measurement) as 1.50 (1 sigma) in TR38.903 [4] which proposed as measured value and agreed [3]. We proposed to re-use this number for both LNA and PA up to 142 GHz.

EVM 

EVM uncertainty is different in category because this number is not used in OTA MU budget table but EVM MU by itself is listed and used in TS38.141 MU/TT. For FR2-2 consideration, very wide signal bandwidth, up to almost 2 GHz is possible. Also, for FR2-2, system noise floor to be increased with frequency goes up. Comparing Spectrum analyzer noise floor, frequency range of FR2-1 and FR2-2 has about 5~10 dB difference. 
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.

With above, estimated increase of EVM MU for FR2-2 is 0.1% to propose 1.1%
Standard test equipment measurement uncertainty tables (Proposal)
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 (e.g. spectrum analyzer, power meter, power sensor)
	2.36
	See below

	C1-7
	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

	
	Combined MU of C-7 and A2-20 by RSS for C-1-1
	2.36
	RSS of above two and IF mismatch = 0.41

	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 above

	C1-8
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) – relative (ACLR)
	2.36
	Use the same number

	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 -> 2.61

	C1-2
	Uncertainty of the RF Signal Generator 
	2.37
	
Modulated signal with mixer 2.25 and IF mismatch 0.29
RSS of 0.7, 0.29, 2.25

	MUOOBint
	Additional uncertainty for the CW interferer signal
	2.32
	CW signal, RSS with mixer 2.25, IF mismatch = 0.29 and SG IF (CW) = 0.5 

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.97
	

	A2-5b
	Mismatch of receiver chain for low power receiver
	0.97
	

	B2-5
	Mismatch of transmit chain (i.e. between transmitting measurement antenna and BS)
	1.09
	

	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 two value with IF mismatch = 0.41

	C1-7
	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

	
	Combined MU of C-7 and A2-20 by RSS for C1-1
	2.39
	2.49
	RSS of above two with IF mismatch = 0.41

	MUOOBint
	Additional uncertainty for the OOB interferer signal
	2.32
	2.42


	CW signal, RSS with mixer 2.25 or 2.35 and IF mismatch = 0.29, SG IF CW 0.5

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	1.19


	1.14
	

	A2-5b
	Mismatch of receiver chain for low power receiver
	1.19
	1.14
	

	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
	5.40

	EIRP - Extreme conditions
	6.00

	Power dynamics
	0.40

	EVM (%)
	1.10

	In-band TRP
	5.50

	ACLR- absolute
	5.60

	ACLR - relative
	5.50

	OBUE
	5.60







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
	6.90
	7.00

	RX EM
	6.90
	7.00







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

	From CATR Rx MU calculation
	52.6<f
≤71.0 GHz

	EIS 
	5.50








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

	ACS/IBB/ICS
	8.2

	Rx IM
	9.4

	Rx OOB
	8.2
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