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In RAN4#99e, it was continuously discussed about BS conformance Rx test TT (test tolerance) value and MU (Measurement Uncertainty) value for n262 band. We (TE vendors) provided updated number with 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. For vector Signal Generator MU, which is derived by actually measured numbers from TE hardware. 
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 receiver testing, there is no vector Signal Generator available in market with this n262 frequency range.
We as TE venders provided estimated vector Signal Generator value (measured numbers are partly used for calculation and estimation in proposal of previous meeting) to calculate proposed test system MU for n262 [1], and this time, although hardware is still not commercially available to market, proposed TE MU numbers are from actual hardware. 
In previous RAN4 meetings, there were comments and feedback that calculated total system MU numbers are too high, then we took several efforts to see if there is any logical way of reducing total test system MU numbers. Here is what we have done,
· For vector SG number, with having more of actually measured number from actual equipment hardware, we as TE vender propose to use 1.60 as 1 sigma for modulated wanted signal for receiver testing for n262 band.
· Verified MU equations in TR37.941 and found error in defined equation for Rx OOB test. This correction was agreed in previous RAN4#99e meeting for existing MU value [5]. This reduced Rx OOB MU value in TS38.141-2 [4]. For other Rx testing, we reviewed but no more error found. This is good but doesn’t contribute to make MU numbers to be smaller.

Table 1. n262 band (47.2 GHz < f <=48.2 GHz) TE MU for vector Signal Generator (1 sigma number)
	RF signal generator for wanted signal
	1.60



Please note that, these numbers are from actual numbers from measurement on TE hardware and RAN4 should accept them otherwise, there won’t be any test system meeting required MU number.
Also note that, as we described in our previous contribution (R4-2107077 [6]), calibration of various OTA components and equipment are already in consideration for BS test system MU budget analysis described in TR37.941. So that no further opportunity. Also to describe again, previously described generic mixer approach degrade level accuracy. Because generic mixer introduced unnecessary modulation product, it shouldn’t be used for wanted and modulated interferer without band filter added [1].

Re-calculated test system MU values as following with new vector Signal generator MU value, also, adding overall OTA related MU term increase for frequency of n262 as 0.1 (2 sigma) which doesn’t include TE MU.
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 2, Test system MU value for n262, for Rx tests, EIS (in dB)
	EIS with use of proposed SG value (2 sigma)(Note)
	3.48

	Add overall OTA related uncertainty contribution increase 0.1 from other terms
	3.58

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


				(Note, use proposed SG uncertainty value 1.60 (as 1 sigma) for wanted signal in EIS MU budget table in 10.2.3.4-1 CATR MU for EIS in TR37.941[3])
				
Table 3, Test system MU value to set TT value for n262, for Rx tests, ACS, IBB, In-channel selectivity (in dB)
	MU-EIS (value from table 2 above, combined uncertainty 1 sigma)
	1.78

	Uncertainty of the RF signal generator (1 sigma)	
	1.60

	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)
	2.54

	Expanded uncertainty (1 sigma x 1.96)
	4.97

	Add overall OTA related uncertainty contribution increase 0.1 from other terms 
	5.07

	Expanded uncertainty - Proposed MU for ACS, IBB, In-channel selectivity (2 digit) for 47.2GHz < f < 48.2GHz
	5.2


			(Note, this table is based on TR37.941 v16.2.0[3], table 10.5.4-3 MU for ACS/IBB/In-channel selectivity)
		
Table 4, Estimated MU value to set TT value for n262, for Rx tests, IMD
	MU-EIS (value from table 2 above, combined uncertainty 1 sigma)
	1.78

	Uncertainty of the RF signal generator (1 sigma)
	1.60

	MU CW interferer (CW Signal Generator) (from [3] table 10.6.4-2)
	0.9

	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)
	2.70

	Expanded uncertainty (1 sigma x 1.96)
	5.30

	Add overall OTA related uncertainty contribution increase 0.1 from other terms 
	5.40

	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 on TR37.941 v16.2.0[3], table 10.6.4-2 MU for Rx IMD)

Table 5, Estimated MU value for n262, for Rx test, out of band blocking
	MU-EIS (value from table 2 above, combined uncertainty 1 sigma)
	1.78

	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)
	2.26

	Expanded uncertainty (1 sigma x 1.96)
	4.43

	Add overall OTA related uncertainty contribution increase 0.1 from other terms 
	4.53

	Expanded uncertainty - Proposed MU for ACS, IBB, In-channel selectivity (2 digit) for 47.2GHz < f < 48.2GHz
	4.6


(Note, this table is based on TR37.941 v16.2.0[3], table 14.2.4-1 MU for Rx out of band blocking with correction of equation which is to remove MU test equipment)

For TT number where MU=TT used (TR37.941 [3]), these MU change affects TT number then TT table to be updated and which also requires updating test requirement numbers. Draft CRs are prepared, and contents are copied in annex of this contribution.

Proposal 
Observation
· We as TE vender can propose new wanted signal SG MU number for n262 based on measured number from actual TE haredware.
· Introduction of modulated interferer SG MU number, which can be smaller number from wanted signal MU number, possibly and reasonably reduces total Rx test system MU number where modulated interferer is used
· Correction of Rx OOB MU equation reduces Rx OOB test system MU which was already agreed in previous RAN4#99e meeting [5]
Proposal
· RAN4 should accept TE MU number proposed by TE vender which is from actual TE hardware. Otherwise, there won’t be any equipment which can meet and support described measurement for n262.
· RAN4 should accept new TE MU term which is for modulated interferer for n262 band with limited max modulation signal bandwidth up to 50MHz
· New MU and TT value proposed for n262 band
· Update test requirement table for n262 with new TT number
· draft CR document prepared for TS38.141-2
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Annex

For MU table, 
Table 5. updated table of Table 4.1.2.3-2 in TS38.141-2 v17.2.0[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, 43.5 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
±5.2 dB, 43.5 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
±5.2 dB, 43.5 GHz < f ≤ 48.2 GHz 

	7.6 OTA out-of-band blocking 
	±3.6 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.6 dB, 37 GHz < f ≤ 43.5 GHz
±4.6 dB, 43.5 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, 43.5 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
±5.2 dB, 43.5 GHz < f ≤ 48.2 GHz 

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




Table 6. updated table of Table C.2-2 in TS38.141-2 v17.2.0[4], Derivation of test requirements (FR2 OTA receiver tests) under Annex C Test tolerances and derivation of test requirements
Table C.2-2: Derivation of test requirements (FR2 OTA receiver tests)
	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, 43.5 GHz < 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
5.2 dB, 43.5 GHz < f ≦48.2 GHz
	Formula:
Wanted signal power + TT

Interferer signal power unchanged.


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



Table 7. update on table of Table 7.3.5.3-1 in TS38.141-2 v17.2.0[4], FR2 OTA reference sensitivity requirement
Table 7.3.5.3-1 FR2 OTA reference sensitivity requirement
	BS channel bandwidth
(MHz)
	Sub-carrier spacing
(kHz)
	Reference measurement channel
(annex A.1)
	OTA reference sensitivity level, EISREFSENS 
(dBm)

	50, 100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M + 2.4 + ΔFR2_REFSENS

	50
	120
	G-FR2-A1-2
	EISREFSENS_50M + 2.4 + ΔFR2_REFSENS

	100, 200, 400
	120
	G-FR2-A1-3
	EISREFSENS_50M + 3 + 2.4 + ΔFR2_REFSENS

	NOTE 1:	EISREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.
NOTE 2:	The declared EISREFSENS_50M shall be within the range specified in table 10.3.3-2.



	BS channel bandwidth
(MHz)
	Sub-carrier spacing
(kHz)
	Reference measurement channel
(annex A.1)
	OTA reference sensitivity level, EISREFSENS 
(dBm)

	
	
	
	24.25 GHz < f ≤ 33.4 GHz, 
37 GHz < f ≤ 43.5 GHz
	43.5 GHz < f ≤ 48.2 GHz

	50, 100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M + 2.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 3.6 + ΔFR2_REFSENS

	50
	120
	G-FR2-A1-2
	EISREFSENS_50M + 2.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 3.6 + ΔFR2_REFSENS

	100, 200, 400
	120
	G-FR2-A1-3
	EISREFSENS_50M + 3 + 2.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 3 + 3.6 + ΔFR2_REFSENS

	NOTE 1:	EISREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.
NOTE 2:	The declared EISREFSENS_50M shall be within the range specified in table 10.3.3-2.



Table 8. update on table of Table 7.9.5.2-1 in TS38.141-2 v17.2.0[4], OTA in-channel selectivity requirement for BS type 2-O
Table 7.9.5.2-1: OTA in-channel selectivity requirement for BS type 2-O
	BS channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
(annex A.1)
	Wanted signal mean power (dBm)
(Note 2)
	Interfering signal mean power (dBm)
(Note 2)
	Type of interfering signal

	50
	60
	G-FR2-A1-4
	EISREFSENS_50M + 3.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 10 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 60 kHz SCS, 32 RBs

	100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M + 6.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 60 kHz SCS, 64 RBs

	50
	120
	G-FR2-A1-5
	EISREFSENS_50M + 3.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 10 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 120 kHz SCS, 16 RBs

	100, 200, 400
	120
	G-FR2-A1-2
	EISREFSENS_50M + 6.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 120 kHz SCS, 32 RBs

	NOTE 1:	Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined for BS channel bandwidth of the wanted signal according to the table 5.4.2.2-1 in TS 38.104 [2]. The aggregated wanted and interferer signal shall be centred in the BS channel bandwidth of the wanted signal.
NOTE 2:	EISREFSENS_50M is defined in TS38.104 [2], clause 7.3.3.




	BS channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
(annex A.1)
	Wanted signal mean power (dBm)(Note 2)
	Interfering signal mean power (dBm)
(Note 2)
	Type of interfering signal

	
	
	
	24.25 GHz < f ≤ 33.4 GHz, 
37 GHz < f ≤ 43.5 GHz
	43.5 GHz < f ≤ 48.2 GHz
	
	

	50
	60
	G-FR2-A1-4
	EISREFSENS_50M + 3.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 5.2 + ΔFR2_REFSENS
	EISREFSENS_50M + 10 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 60 kHz SCS, 32 RBs

	100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M + 6.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 8.2 + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 60 kHz SCS, 64 RBs

	50
	120
	G-FR2-A1-5
	EISREFSENS_50M + 3.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 5.2 + ΔFR2_REFSENS
	EISREFSENS_50M + 10 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 120 kHz SCS, 16 RBs

	100, 200, 400
	120
	G-FR2-A1-2
	EISREFSENS_50M + 6.4 + ΔFR2_REFSENS
	EISREFSENS_50M + 8.2 + ΔFR2_REFSENS
	EISREFSENS_50M + 13 + ΔFR2_REFSENS
	DFT-s-OFDM NR signal, 120 kHz SCS, 32 RBs

	NOTE 1:	Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined for BS channel bandwidth of the wanted signal according to the table 5.4.2.2-1 in TS 38.104 [2]. The aggregated wanted and interferer signal shall be centred in the BS channel bandwidth of the wanted signal.
NOTE 2:	EISREFSENS_50M is defined in TS38.104 [2], clause 7.3.3.



