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1.	Introduction
[bookmark: _Hlk67504958]The revised work item for extending current NR operation to 71 GHz was approved at TSG RAN#97-e [1]. One of the objectives of this work item is to define BS conformance testing requirements for the band(s) in the frequency range between 52.6GHz and 71GHz. The measurement uncertainties of BS OTA receiver requirements were discussed at TSG RAN4#105 [2-4] but no conclusion was made. 
This contribution provides proposals on the measurement uncertainties of BS OTA receiver requirements for extending current NR operation to 71 GHz based on the agreed WFs in [5-6] at TSG RAN4#104-bis-e and the discussion at TSG RAN4#105 to complete the perf part of work item as targeted at TSG RAN#99.

2.	Discussion
It was agreed in [5]:
· [bookmark: _Hlk116614918]For FR2-2 follow MU evaluation approach described in TR 37.941, sub-clause 5.2 in principle.
· Target to generate a list for the components (which can be maintained and which need to be updated) by this meeting
· TE vendors feedback is encouraged
· Whether additional calibration procedure can be considered subject to companies’ further input, RAN4 shall focus on the MU values based on companies’ individual input.
· MU values of the following components (described in TR 37.941, annexes A to C) needs to be updated:
· A2-5 Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver (a) / low power receiver (b))
· A2-19 Uncertainty of the LNA (FR2 only)
· A2-20 Uncertainty of the mixer, up/down converter (FR2 only)
· B2-5 Mismatch of transmit chain (i.e. between transmitting measurement antenna and BS)
· C1-1 Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter, power sensor)
· C1-2 Uncertainty of the RF signal generator
· C1-3 Uncertainty of the network analyser
· C1-7 RF power measurement equipment (e.g. spectrum analyser, power meter) - low power (UEM, absolute ACLR)
· C1-8 RF power measurement equipment (e.g. spectrum analyzer, power meter) - relative (ACLR)
· C1-9 RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time domain wideband measurement for FR2
· MUOOBint Additional uncertainty for the OOB interferer signal
· MUPA Uncertainty due to use of PA
NOTE 1:	This list focuses on CATR.
NOTE 2:	Other MU contributors may still be added to this list in next meeting, if technically justified.
· MU values of other components (described in TR 37.941, annexes A, B and C) can be maintained (i.e., no need to update 37 < f < 43.5 GHz for FR2-2).
Moreover, it was agreed in [6] to use the table below as baseline to collect MU values:
Table 2-1: Standard test equipment measurement uncertainty
	UID
	Uncertainty source
	Measurement uncertainty
(dB)

	
	Test equipment
	3 < f < 6 (GHz)
	24.25 < f ≤ 29.5 GHz
	37 < f < 43.5 (GHz)
	43.5 < f < 60 (GHz)

	C1-3
	Uncertainty of the Network Analyzer
	0.20 (Note 2)
	0.30
	0.30
	0.30

	C1-1
	
Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter, power sensor)
	0.14 to 0.26 (Note 2)

	0.50
	0.70
	

	C1-7
	Unceratinty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) for IF used with mixer
	
	
	
	0.60 (Note 3)

	A2-20
	Uncertainty of the mixer (FR2 only)
	
	
	
	2.25 (Note 3, Note 6)

	C1-7
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) – low power (UEM absolute ACLR)
	
	0.90
	0.90
	

	C1-8
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) – relative (ACLR)
	
	0.75
	0.90
	

	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
	
	1.25
	1.45
	

	C1-2
	Uncertainty of the RF Signal Generator 
	0.46 (Note 2)

	0.90
	0.90
	
43.5 < f < 48.2 (GHz)
1.60 (Note 4)

	MUOOBint
	Additional uncertainty for the OOB interferer signal
	
	
	
	1.1 (Note 5)

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	
	0.30 (Note 7)
	0.40 (Note 7)
	0.40 (Note 3)

	A2-5b
	Mismatch of receiver chain for low power receiver
	
	0.51 (Note 8)
	0.51 (Note 8)
	

	B2-5
	Mismatch of transmit chain (i.e. between transmitting measurement antenna and BS)
	
	0.30
	0.40
	

	A2-19
	Uncertainty of the LNA (FR2 only)
	
	
	
	0.00 (Note 9)

	MUPA
	MUPA Uncertainty due to use of PA
	
	
	
	0.2 (Note 5)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	OTA modulation quality
	
	1%
	1%
	1% (Note 10)

	
	
	Note 1: Values used for FR2-1 MU evaluation in TR 37.941.
Note 2: Values used for FR1 MU evaluation in TR 37.941.
Note 3: Values are from FR2-1 Tx spurious emission measurement MU budget table in TR 37.941
Note 4: Value is from 47 GHz band, see discussion note (R4-2115779)
Note 5: Value is from Table 14.2.4-1 (TR 37.941) out of band blocking FR2-1, uncertainty of OOB blocking interferer signal which is CW signal and uncertainty from PA.
Note 6: The applicability of this value for FR2-2 is FFS.
Note 7: Values are from FR2-1 EIRP and other MU table in TR37.941
Note 8: Value is from FR2-1 Tx Off power measurement and other MU table in TR37.941
Note 9: Value is from FR2-1 Tx spurious emission measurement in TR37.941.
Note 10: Although this value is different in category (value itself represents test MU not contributor), for FR2-2, there is possible increase of EVM MU due to wider BW.


 
We have the following proposals for the MU values in the table above:
1.	For the frequency range, currently the frequency band allocations for mobile service within the FR2-2 (52.6 < f ≤ 71 GHz) are not clear yet, so we propose not to divide FR2-2 into two sub-ranges at 60 GHz breakpoint as this would create complexity for equipment testing if the operating band cross over 60 GHz.
2.	For UID which have values in the ‘43.5 < f ≤ 60 GHz’ column (i.e., C1-3, C1-7, A2-20, C1-2, MUOOBint, A2-5a, A2-19, MUPA), we propose to use the values also for 57 < f ≤ 71 GHz, as the values are either already relaxed compared to the ones in the ‘37 < f ≤ 43.5 GHz’ column or the same values are used for different frequency ranges in FR2.
3.	For UID which do not have values in the ‘43.5 < f ≤ 60 GHz’ column (i.e., C1-1, C1-7, C1-8, C1-9, A2-5b, B2-5), we propose to apply the same step size comparing the values in the ‘24.25 < f ≤ 29.5 GHz‘ and ‘37 < f ≤ 43.5 GHz’ columns for 43.5 < f ≤ 60 GHz and then for 57 < f ≤ 71 GHz, based on the general trend of implementation complexity as the target frequency increases in FR2-2.
4.	Note that the uncertainty of the mixer value in A2-20 is included also in obtaining the values in other uncertainty values (i.e., C1-1, C1-2, C1-7, C1-8, C1-9) in [2]. However, we assume the measurement equipment should be designed to cover the target (FR2-2) frequency range, so the mixer should only be needed for spurious domain measurements but not for in-band or out-of-band domain measurements.
Our proposals are summarized in the table below (changes compared to the table above are highlighted).
Table 2-1: Standard test equipment measurement uncertainty
	UID
	Uncertainty source
	Measurement uncertainty
(dB)

	
	Test equipment
	24.25 < f ≤ 29.5 GHz
	37 < f ≤ 43.5 GHz
	43.5 < f ≤ 60 GHz
	57 < f ≤ 71 GHz

	C1-3
	Uncertainty of the Network Analyzer
	0.30
	0.30
	0.30
	0.30

	C1-1
	
Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter, power sensor)
	0.50
	0.70
	0.90
	1.10

	C1-7
	Unceratinty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) for IF used with mixer
	
	
	0.60 (Note 3)
	0.60 (Note 3)

	A2-20
	Uncertainty of the mixer (FR2 only)
	
	
	2.25 (Note 3, Note 6)
	2.25 (Note 3, Note 6)

	C1-7
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) – low power (UEM absolute ACLR)
	0.90
	0.90
	0.90
	0.90

	C1-8
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) – relative (ACLR)
	0.75
	0.90
	1.05
	1.20

	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
	1.25
	1.45
	1.65
	1.85

	C1-2
	Uncertainty of the RF Signal Generator 
	0.90
	0.90
	
43.5 < f < 48.2 (GHz)
1.60 (Note 4)
	
43.5 < f < 48.2 (GHz)
1.60 (Note 4)

	MUOOBint
	Additional uncertainty for the OOB interferer signal
	
	
	1.1 (Note 5)
	1.1 (Note 5)

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.30 (Note 7)
	0.40 (Note 7)
	0.40 (Note 3)
	0.40 (Note 3)

	A2-5b
	Mismatch of receiver chain for low power receiver
	0.51 (Note 8)
	0.51 (Note 8)
	0.51
	0.51

	B2-5
	Mismatch of transmit chain (i.e. between transmitting measurement antenna and BS)
	0.30
	0.40
	0.50
	0.60

	A2-19
	Uncertainty of the LNA (FR2 only)
	
	
	0.00 (Note 9)
	0.00 (Note 9)

	MUPA
	MUPA Uncertainty due to use of PA
	
	
	0.2 (Note 5)
	0.2 (Note 5)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	OTA modulation quality
	1%
	1%
	1% (Note 10)
	1% (Note 10)

	
	
	Note 1: Values used for FR2-1 MU evaluation in TR 37.941.
Note 2: Values used for FR1 MU evaluation in TR 37.941.
Note 3: Values are from FR2-1 Tx spurious emission measurement MU budget table in TR 37.941
Note 4: Value is from 47 GHz band, see discussion note (R4-2115779)
Note 5: Value is from Table 14.2.4-1 (TR 37.941) out of band blocking FR2-1, uncertainty of OOB blocking interferer signal which is CW signal and uncertainty from PA.
Note 6: The applicability of this value for FR2-2 is FFS.
Note 7: Values are from FR2-1 EIRP and other MU table in TR37.941
Note 8: Value is from FR2-1 Tx Off power measurement and other MU table in TR37.941
Note 9: Value is from FR2-1 Tx spurious emission measurement in TR37.941.
Note 10: Although this value is different in category (value itself represents test MU not contributor), for FR2-2, there is possible increase of EVM MU due to wider BW.



The MU value for each requirement can then be calculated using the corresponding spreadsheet in TR 37.941 [7]. For example, the MU value for the reference sensitivity level requirement can be calculated as shown in the table below. Note that some of the MU values are already in the ‘43.5 < f ≤ 60 GHz’ column of the current spreadsheet in TR 37.941 and these are used for 57 < f ≤ 71 GHz in the table below.
	Table 10.2.3.4-1: CATR MU value derivation for OTA sensitivity measurement, FR2

	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)

	
	
	24.25<f<29.5GHz
	37<f<40GHz
	57<f<71GHz
	
	
	
	24.25<f<29.5GHz
	37<f<40GHz
	57<f<71GHz

	Stage 2: BS measurement

	B2-1a
	Misalignment and pointing error of BS
	0.2
	0.2
	0.2
	Exp. normal
	2.00
	1
	0.10
	0.10
	0.10

	B2-2
	Standing wave between BS and test range antenna
	0.21
	0.21
	0.21
	U-shaped
	1.41
	1
	0.15
	0.15
	0.15

	C1-2
	Uncertainty of the RF signal generator
	0.9
	0.9
	1.6
	Gaussian
	1.00
	1
	0.90
	0.90
	1.60

	B2-3
	RF leakage & dynamic range, test range antenna cable connector terminated
	0.01
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01
	0.01

	B2-4a
	QZ ripple experienced by BS
	0.4
	0.4
	0.4
	Gaussian 
	1.00
	1
	0.40
	0.40
	0.40

	B2-9
	Miscellaneous uncertainty
	0
	0
	0
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.3
	0.3
	0.3
	Gaussian
	1.00
	1
	0.30
	0.30
	0.30

	B2-5
	Mismatch of transmit chain (i.e. between transmitting measurement antenna and BS)
	0.43
	0.57
	0.57
	U-shaped
	1.41
	1
	0.30
	0.40
	0.40

	B2-6
	Insertion loss of transmitter chain
	0.12
	0.12
	0.12
	Rectangular
	1.73
	1
	0.07
	0.07
	0.07

	B2-7
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01
	0.01

	B2-8
	Influence of the calibration antenna feed cable
	0.21
	0.29
	0.29
	U-shaped
	1.41
	1
	0.15
	0.21
	0.21

	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.52
	0.52
	0.52
	Rectangular
	1.73
	1
	0.30
	0.30
	0.30

	B2-11
	Misalignment  positioning system
	0
	0
	0
	Exp. normal 
	2.00
	1
	0.00
	0.00
	0.00

	B2-4b
	QZ ripple experienced by calibration antenna
	0.1
	0.1
	0.1
	Gaussian
	1.00
	1
	0.10
	0.10
	0.10

	B2-10
	Rotary joints
	0
	0
	0
	U-shaped
	1.41
	1
	0.00
	0.00
	0.00

	B2-1b
	Misalignment and pointing error of calibration antenna 
	0
	0
	0
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	B2-12
	Standing wave between SGH and test range antenna
	0.09
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06
	0.06

	B2-13
	Switching uncertainty
	0.1
	0.1
	0.1
	Rectangular
	1.73
	1
	0.06
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)
	1.15
	1.19
	1.78

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.25
	2.33
	3.48



3.	Conclusion
This contribution has provided proposals on the measurement uncertainties of BS OTA receiver requirements for extending current NR operation to 71 GHz based on the agreed WFs at TSG RAN4#104-bis-e and the discussion at TSG RAN4#105 to complete the perf part of work item as targeted at TSG RAN#99. The proposals are summarized in the table below (proposals are highlighted).
Table 2-1: Standard test equipment measurement uncertainty
	UID
	Uncertainty source
	Measurement uncertainty
(dB)

	
	Test equipment
	24.25 < f ≤ 29.5 GHz
	37 < f ≤ 43.5 GHz
	43.5 < f ≤ 60 GHz
	57 < f ≤ 71 GHz

	C1-3
	Uncertainty of the Network Analyzer
	0.30
	0.30
	0.30
	0.30

	C1-1
	
Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter, power sensor)
	0.50
	0.70
	0.90
	1.10

	C1-7
	Unceratinty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) for IF used with mixer
	
	
	0.60 (Note 3)
	0.60 (Note 3)

	A2-20
	Uncertainty of the mixer (FR2 only)
	
	
	2.25 (Note 3, Note 6)
	2.25 (Note 3, Note 6)

	C1-7
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) – low power (UEM absolute ACLR)
	0.90
	0.90
	0.90
	0.90

	C1-8
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) – relative (ACLR)
	0.75
	0.90
	1.05
	1.20

	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
	1.25
	1.45
	1.65
	1.85

	C1-2
	Uncertainty of the RF Signal Generator 
	0.90
	0.90
	
43.5 < f < 48.2 (GHz)
1.60 (Note 4)
	
43.5 < f < 48.2 (GHz)
1.60 (Note 4)

	MUOOBint
	Additional uncertainty for the OOB interferer signal
	
	
	1.1 (Note 5)
	1.1 (Note 5)

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.30 (Note 7)
	0.40 (Note 7)
	0.40 (Note 3)
	0.40 (Note 3)

	A2-5b
	Mismatch of receiver chain for low power receiver
	0.51 (Note 8)
	0.51 (Note 8)
	0.51
	0.51

	B2-5
	Mismatch of transmit chain (i.e. between transmitting measurement antenna and BS)
	0.30
	0.40
	0.50
	0.60

	A2-19
	Uncertainty of the LNA (FR2 only)
	
	
	0.00 (Note 9)
	0.00 (Note 9)

	MUPA
	MUPA Uncertainty due to use of PA
	
	
	0.2 (Note 5)
	0.2 (Note 5)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	OTA modulation quality
	1%
	1%
	1% (Note 10)
	1% (Note 10)

	
	
	Note 1: Values used for FR2-1 MU evaluation in TR 37.941.
Note 2: Values used for FR1 MU evaluation in TR 37.941.
Note 3: Values are from FR2-1 Tx spurious emission measurement MU budget table in TR 37.941
Note 4: Value is from 47 GHz band, see discussion note (R4-2115779)
Note 5: Value is from Table 14.2.4-1 (TR 37.941) out of band blocking FR2-1, uncertainty of OOB blocking interferer signal which is CW signal and uncertainty from PA.
Note 6: The applicability of this value for FR2-2 is FFS.
Note 7: Values are from FR2-1 EIRP and other MU table in TR37.941
Note 8: Value is from FR2-1 Tx Off power measurement and other MU table in TR37.941
Note 9: Value is from FR2-1 Tx spurious emission measurement in TR37.941.
Note 10: Although this value is different in category (value itself represents test MU not contributor), for FR2-2, there is possible increase of EVM MU due to wider BW.
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