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[bookmark: _Ref465244136]Introduction
In RAN4#98bise, it was continuously discussed about BS conformance test TT (test tolerance) value and MU (Measurement Uncertainty) value for n262 band. We (TE vendors) provided updated number with estimated vector Signal Generator value with calculation of Proposed MU value for Rx test for 47G band frequency. This contribution is to further discuss and proposes updated numbers. 
Description
When OTA study was conducted and TR document[2][3] created, it covered up to 40GHz in FR2 frequency. For n262 (47.2GHz – 48.2GHz), values in this TR document as well as existing TT values in TS document (up to n259 band) can’t be reused because too much of frequency difference for upper frequency side in mmWave.  For example;
· There is more pathloss which degrade SNR at receiver
· Mis-match uncertainty increases with higher frequency
· Various uncertainty changes/increases for OTA related terms
· Measurement Equipment uncertainty increases with higher frequency
For Receive testing, there is very important difference from existing frequency band, which is currently there is no vector Signal Generator available in market with this n262 frequency range. This means, there is no Signal Generator can generate 5G NR modulated signal with this frequency range. 
In RAN4#98e, MU value with use of mixer for upconvert 5G NR modulated signal into 47GHz band frequency was proposed (mixer value was taken from TR37.941 document), however, it received feedback as total calculated MU value is too large. In RAN4#98bis-e, we proposed numbers (smaller than mixer case) with estimated vector SG number, however, also received comments that it is too large and if there is any way to reduce number by calibration etc.
First of all, all of these test equipment accuracy values are with good calibrated condition. What could be done is system level calibration, but this is also in assumption of calculating MU budget table. Regarding with use of mixer/up converter, we as TE vendor doesn’t believe better accuracy can be achieved with mixer based solution, especially for receiver testing. 
In general, use of mixer (or up converter) degrade level accuracy because,
· Additional cabling and increases of mis-match term
· Multiple sources of signal for up convert, IF (modulated) signal generator and LO (local oscillator) signal generator needed, both usually affects resulted signal level
· Controlling gain/level over temperature, time, is not well controlled due to lack of sophisticated level control hardware.
So, even if some calibration is performed and which might provide specific level of signal for a moment, it could drift over time and temperature, and usually, those sophisticated level control in signal generator hardware doesn’t exist in generic mixer. Additionally, regarding with generic mixer;
· Unless band path filter implemented which specific to n262 band, there are multiple of signal products around wanted signal created with up conversion process. So that, generic mixer is not suitable for Receiver testing. And currently, no band specific upconverters are not available in market today.
For vector Signal Generator in general, has better level accuracy due to level control circuit and calibration data stored over supported frequency range and signal level. This is reason of vector Signal Generator is used (if such available) for receiver test assumption and we provided estimated number in previous meeting for Test Equipment accuracy.
We spent more time on estimated number for n262 frequency range for modulated signal generation, and we have following with some improvement,
Proposed modulated signal generator TE value is 1.53 (1 sigma value) as estimated value. This uncertainty and improvement comes from,
· Even CW generator, upper half of 40GHz range shows degradation of signal level accuracy on existing CW signal source. 
· Modulation over carrier bandwidth add additional level accuracy contribution. Vector (modulated signal) signal generator for modulated signal has larger accuracy number on top of CW signal generation.
· However, this time, there is improvement from previous meeting because of careful analysis and progress

We re-calculated proposed MU values as following with new estimated vector Signal generator MU value. One thing to note is, in previously proposed number, there were calculation error which was taking 2 sigma number used as 1 sigma number (for ACLR effect and Broadband noise) With these correction and new estimated value, calculated MU number becomes more favorable. 
All of these calculation follows MU budget table and math described for ACS/IBB and out of band blocking in TR37.941.
For interferer uncertainty, for modulated interferer in n262, same value as wanted signal is used. For CW interferer (Signal Generator) uncertainty for n262, with frequency goes higher then this number also increased to 1.0 (1 sigma). Please note that OOB interferer 1 sigma number already agreed and used in TR37.941 (up to 60GHz) which is 1.1 (1 sigma).

Table 1, Estimated MU value for n262, for Rx tests, EIS (in dB)
	Estimated EIS with use of estimated SG value (2 sigma)(note 1)
	3.36

	Add estimated uncertainty contribution 0.2 from other terms
	3.56

	Proposed MU for EIS (2 digit) for 47.2GHz < f < 48.2GHz
	3.6


				(note 1, use estimated SG uncertainty value 1.53 (as 1 sigma) in EIS MU budget table in 10.2.3.4-1 CATR MU for EIS in TR37.941[3])
				
Table 2, Estimated MU value to set TT value for n262, for Rx tests, ACS, IBB, In-channel selectivity (in dB)
	MU-EIS (value from table 1 above, combined uncertainty 1 sigma)
	1.714

	Estimated uncertainty of the RF signal generator (1 sigma)	
	1.530

	MU PA (from [3] table 10.5.4-3)
	0.2

	ACLR effect (from [3] table 10.5.4-3)
	0.4

	Combined standard uncertainty (1 sigma)
	2.46

	Expanded uncertainty (1 sigma x 1.96)
	4.82

	Add estimated uncertainty contribution 0.2 from other terms
	5.12

	Expanded uncertainty - Proposed MU for ACS, IBB, In-channel selectivity (2 digit) for 47.2GHz < f < 48.2GHz
	5.1


			(Note, this table is based from TR37.941 v16.2.0[3], table 10.5.4-3 MU for ACS/IBB/In-channel selectivity)
		
Table 3, Estimated MU value to set TT value for n262, for Rx tests, IMD
	MU-EIS (value from table 1 above, combined uncertainty 1 sigma)
	1.714

	Estimated uncertainty of the RF signal generator (1 sigma)
	1.530

	MU CW interferer (CW Signal Generator) (note 2)
	1.0

	MU PA (from [3] table 10.6.4-2)
	0.2

	ACLR effect (from [3] table 10.6.4-2)
	0.4

	Combined standard uncertainty (1 sigma)
	2.72

	Expanded uncertainty (1 sigma x 1.96)
	5.33

	Add estimated uncertainty contribution 0.2 from other terms
	5.53

	Expanded uncertainty - Proposed MU for ACS, IBB, In-channel selectivity (2 digit) for 47.2GHz < f < 48.2GHz
	5.5



(Note, this table is based from TR37.941 v16.2.0[3], table 10.6.4-2 MU for Rx IMD)
			(Note2, MU TE for CW signal generator level uncertainty in this frequency range is 1.0)

Table 4, Estimated MU value for n262, for Rx test, out of band blocking
	MU-EIS (value from table 1 above, combined uncertainty 1 sigma)
	1.714

	Estimated uncertainty of the RF signal generator (1 sigma)
	1.530

	MU OOB interferer (from [3] table 14.2.4-1)
	1.1

	MU PA (from [3] table 14.2.4-1)
	0.2

	ACLR effect (from [3] table 14.2.4-1)
	0.4

	Combined standard uncertainty (1 sigma)
	2.75

	Expanded uncertainty (1 sigma x 1.96)
	5.40

	Add estimated uncertainty contribution 0.2 from other terms
	5.60

	Expanded uncertainty - Proposed MU for ACS, IBB, In-channel selectivity (2 digit) for 47.2GHz < f < 48.2GHz
	5.6


(Note, this table is based from TR37.941 v16.2.0[3], table 14.2.4-1 MU for Rx out of band blocking)

Proposal 
For MU table, 
Table 5. updated table of Table 4.1.2.3-2 in TS38.141-2 v16.7.0[4], Test system uncertainty for FR2 OTA receiver tests
[bookmark: _Hlk54269170]Table 4.1.2.3-2: Maximum OTA Test System uncertainty for FR2 OTA receiver tests
	Clause
	Maximum OTA Test System uncertainty

	7.3 OTA reference sensitivity level
	±2.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±2.4 dB, 37 GHz < f ≤ 43.5 GHz
±3.6 dB, 47.2 GHz < f ≤ 48.2 GHz

	7.5.1	OTA adjacent channel selectivity
	±3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.4 dB, 37 GHz < f ≤ 43.5 GHz
±5.1 dB, 47.2 GHz < f ≤ 48.2 GHz

	7.5.2	In-band blocking (General)
	±3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.4 dB, 37 GHz < f ≤ 43.5 GHz
±5.1 dB, 47.2 GHz < f ≤ 48.2 GHz

	7.6 OTA out-of-band blocking 
	±4.1 dB, 24.25 GHz < f ≤ 29.5 GHz
±4.1 dB, 37 GHz < f ≤ 43.5 GHz
±5.6 dB, 47.2 GHz < f ≤ 48.2 GHz

	7.7 OTA receiver spurious emissions 
	±2.5 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 40 GHz
±5.0 dB, 40 GHz < f ≤ 60 GHz

	7.8 OTA receiver intermodulation
	±3.9 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.9 dB, 37 GHz < f ≤ 43.5 GHz
±5.5 dB, 47.2 GHz < f ≤ 48.2 GHz

	7.9 OTA in-channel selectivity 
	±3.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.4 dB, 37 GHz < f ≤ 43.5 GHz
±5.1 dB, 47.2 GHz < f ≤ 48.2 GHz

	NOTE:	Test system uncertainty values are applicable for normal condition unless otherwise stated.




For TT table, Under Annex C Test tolerances and derivation of test requirements
Table 6. updated table of Table C.2-2 in TS38.141-2 v16.7.0[4], Derivation of test requirements (FR2 OTA receiver tests) under Annex C Test tolerances and derivation of test requirements
	Test 
	Minimum requirement in TS 38.104 [2]
	Test Tolerance
(TTOTA)
	Test requirement in the present document

	7.3	OTA reference sensitivity level
	See TS 38.104 [2], clause 10.3
	2.4 dB, 24.25 GHz < f ≦ 33.4 GHz
2.4 dB, 37 GHz < f ≦ 43.5 GHz
3.6 dB, 47.2GHz < f ≦48.2 GHz
	Formula:
EISREFSENS+ TT

	7.5.1	OTA adjacent channel selectivity
	See TS 38.104 [2], clause 10.5.1
	0 dB
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	7.5.2	In-band blocking
	See TS 38.104 [2], clause 10.5.2
	0 dB
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	7.6	OTA out-of-band blocking
	See TS 38.104 [2], clause 10.6
	0 dB
	Formula:
Wanted signal power + TT
Interferer signal power unchanged

	7.7	OTA receiver spurious emissions
	See TS 38.104 [2], clause 10.7
	0 dB
	Formula:
Minimum Requirement + TT


	7.8	OTA receiver intermodulation
	See TS 38.104 [2], clause 10.8
	0 dB
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	7.9	OTA in-channel selectivity
	See TS 38.104 [2], clause 10.9
	3.4 dB, 24.25 GHz < f ≦ 33.4 GHz
3.4 dB, 37 GHz < f ≦ 43.5 GHz
5.1 dB, 47.2GHz < f ≦48.2 GHz
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.

	NOTE:	TT values are applicable for normal condition unless otherwise stated.
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