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8.3.2	Power level measurement setup with calibration for TRP
For FR2-2 inband TRP and ACLR-relative measurement, Figure 8.3.2-1 shows specific power measurement equipment setup with continuous calibration during measurement. This setup with procedure described in this section allows to have better accuracy measurement with use of power sensor accuracy value.
[image: ]

Figure 8.3.2-1: Power measurement equipment setup with calibration for TRP
Following condition should met to use method described in this section.
-	Calibration purpose signal should always be available to power sensor and spectrum analyser by either switching or splitter. Calibration should always be done with each signal measurement. 
-	Calibration purpose signal level needs to be in range of power sensor measurable range with good accuracy. And difference from actual signal level to calibration signal level needs to be inside of the same attenuator setting (no attenuator switching) of spectrum analyser.
-	Prepare calibration purpose signal to have the same bandwidth as of carrier bandwidth for measurement.
Following is calibration and measurement procedure to do relative measurement with calibration signal to actual signal (by power sensor and spectrum analyzer) on each physical point for TRP. Please note that, procedure described here needs to be done on each physical measurement point for each individual measurement.
The calibration and measurement procedure are as follows:
1. Prepare calibration purpose signal which has the same signal bandwidth as channel bandwidth for measurement.
2. Measure calibration purpose signal power by power sensor (signal path A to B in Figure 8.3.2-1). Signal level should be measurable range by power sensor with good accuracy. 
3. Switch signal path to spectrum analyzer then measure signal level (signal path A to D) and calibrate reading by comparing reading from power sensor. At this time, make sure that calibration signal level is in high end of dynamic range of analyzer which doesn’t require changing attenuator level inside analyser for actual measurement in next step.
4. Switch calibration signal to actual signal from DUT (receiver antenna) for actual measurement (signal path C to D) and measure signal level. Measured signal level should be within measurable range by analyzer with no attenuator change in analyzer from previous step. 
5. For the case of relative ACLR measurement, repeat step 1 through 4 above for lower adjacent channel, target channel, and higher adjacent channel. This calibration and measurement process should be done at every physical measuring point of TRP. 
For those measurements which has measurement bandwidth defined in requirements, absolute ACLR, OBUE, spurious emissions, method and procedure described in this section is not applicable. It’s not feasible and practically possible to perform and repeat these steps at each frequency point of measurement BW during total measurement frequency range. It would be hundreds or thousands of calibration measurements needs to be done on each physical point of TRP measurement.


<< Unchanged clauses skipped >>
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[bookmark: _Toc32332048][bookmark: _Toc37429963][bookmark: _Toc43739037][bookmark: _Toc46346798][bookmark: _Toc53165737][bookmark: _Toc53166432][bookmark: _Toc53167126]Measurement system description is captured in clause 7.3.1.
[bookmark: _Toc61130358][bookmark: _Toc61131084][bookmark: _Toc61187926][bookmark: _Toc83029216][bookmark: _Toc83919814][bookmark: _Toc89784835]9.2.3.2	Test procedure
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Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3 with the calibration system setup for TX requirements depicted in figure 8.3-1.
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The CATR testing procedure consists of the following steps:
1)	Set up BS in place of SGH from calibration stage. Align BS with beam peak direction of range antenna.
2)	Configure TX branch and carrier according to maximum power requirement and test configuration.
3)	Set the BS to transmit the test signal according to applicable test model.
4)	Measure mean power (Pmeas) of each carrier arriving at the measurement equipment (such as a spectrum analyzer or power meter) denoted in figure 8.3-1.
5)	Calculate EIRP, where EIRP = Pmeas + LA→B.
6)	Calculate total EIRP = EIRPp1 + EIRPp2 where the declared beam is the measured signal for any two orthogonal polarizations (denoted p1 and p2).
7)	Repeat steps 2 - 6 for all conformance test beam direction pairs.
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Table 9.2.3.3-1 captures uncertainty budget contributors and Table 9.2.3.3-2 captures the derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in CATR (Normal test conditions, FR1).
Table 9.2.3.3-1: CATR measurement uncertainty contributors for EIRP accuracy measurements, Normal test conditions, FR1
	UID / Details in annex
	Uncertainty source

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)

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

	A2-2a
	Standing wave between BS and test range antenna

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)

	A2-4a
	QZ ripple experienced by BS

	A2-12
	Frequency flatness of test system

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer

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

	A2-6
	Insertion loss of receiver chain

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)

	A2-7
	Influence of the calibration antenna feed cable

	C1-4
	Uncertainty of the absolute gain of the reference antenna

	A2-8
	Misalignment positioning system

	A2-1b
	Misalignment and pointing error of calibration antenna

	A2-9
	Rotary joints

	A2-2b
	Standing wave between calibration antenna and test range antenna

	A2-4b
	QZ ripple experienced by calibration antenna

	A2-11
	Switching uncertainty



NOTE:	In the legacy technical reports for BS testability (RAN4) or UE testability (RAN5), the MU/TT derivation tables were using UID as counting numbers across multiple test chambers and requirement's clauses. In this TR a simplified approach was taken with the UID's being the annex number of the measurement uncertainty source description.
Table 9.2.3.3-2: CATR MU value derivation for EIRP accuracy measurements, Normal test conditions, FR1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor based
	ci
	Standard uncertainty ui (dB)

	
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz
	probability
	on distribution shape
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz

	Stage 2: BS measurement
	　

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.00
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26
	0.26

	A2-2a
	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

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	A2-4a
	QZ ripple experienced by BS
	0.09
	0.09
	0.09
	Gaussian
	1.00
	1
	0.09
	0.09
	0.09

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25
	0.25

	Stage 1: Calibration measurement
	　

	C1-3
	Uncertainty of the network analyzer
	0.13
	0.20
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20
	0.20

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.13
	0.33
	0.33
	U-shaped
	1.41
	1
	0.09
	0.23
	0.23

	A2-6
	Insertion loss of receiver chain
	0.18
	0.18
	0.18
	Rectangular
	1.73
	1
	0.10
	0.10
	0.10

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	A2-7
	Influence of the calibration antenna feed cable
	0.02
	0.02
	0.02
	U-shaped
	1.41
	1
	0.02
	0.02
	0.02

	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.50
	0.43
	0.43
	Rectangular
	1.73
	1
	0.29
	0.25
	0.25

	A2-8
	Misalignment positioning system
	0.00
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna
	0.50
	0.50
	0.50
	Exp. normal
	2.00
	1
	0.25
	0.25
	0.25

	A2-9
	Rotary joints
	0.05
	0.05
	0.05
	U-shaped
	1.41
	1
	0.03
	0.03
	0.03

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.26
	0.26
	0.26
	Rectangular
	1.73
	1
	0.15
	0.15
	0.15

	Combined standard uncertainty (1σ) (dB)
	0.57
	0.65
	0.65

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.11
	1.27
	1.27
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The MU assessment was carried out using a CATR chamber only however other chamber types are not precluded if suitable MU assessment is done.
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2-1. The CATR test setup and calibration and measurement procedures for FR2-1 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
Table 9.2.3.4-1 captures the uncertainty budget contributors and table 9.2.3.4-2 captures the derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in CATR (Normal test conditions, FR2-1).
Table 9.2.3.4-1: CATR measurement uncertainty contributors for EIRP accuracy measurements, Normal test conditions, FR2-1
	UID / Details in annex
	Uncertainty source

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)

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

	A2-2a
	Standing wave between BS and test range antenna

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)

	A2-4a
	QZ ripple experienced by BS

	A2-12
	Frequency flatness of test system

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer

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

	A2-6
	Insertion loss of receiver chain

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)

	A2-7
	Influence of the calibration antenna feed cable

	C1-4
	Uncertainty of the absolute gain of the reference antenna

	A2-8
	Misalignment positioning system

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)

	A2-9
	Rotary joints

	A2-2b
	Standing wave between calibration antenna and test range antenna

	A2-4b
	QZ ripple experienced by calibration antenna

	A2-11
	Switching uncertainty



NOTE:	In the legacy technical reports for BS testability (RAN4) or UE testability (RAN5), the MU/TT derivation tables were using UID as counting numbers across multiple test chambers and requirement's clauses. In this TR a simplified approach was taken with the UID's being the annex number of the measurement uncertainty source description.
Table 9.2.3.4-2: CATR MU value derivation for EIRP accuracy measurements, Normal test conditions, FR2-1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on
	ci
	Standard uncertainty ui (dB)

	
	
	24.25 < f
<29.5 GHz
	37 < f
<43.5 GHz
	
	distribution shape
	
	24.25 < f
<29.5 GHz
	37 < f
<43.5 GHz

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.20
	0.20
	Exp. normal
	2.00
	1
	0.10
	0.10

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - high power
	0.50
	0.70
	 Normal
	1.00
	1
	0.50
	0.70

	A2-2a
	Standing wave between BS and test range antenna
	0.03
	0.03
	U-shaped
	1.41
	1
	0.02
	0.02

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Normal
	1.00
	1
	0.01
	0.01

	A2-4a
	QZ ripple experienced by BS
	0.40
	0.40
	Normal 
	1.00
	1
	0.40
	0.40

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	Normal
	1.00
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.30
	0.30
	 Normal
	1.00
	1
	0.30
	0.30

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.43
	0.57
	U-shaped
	1.41
	1
	0.30
	0.40

	A2-6
	Insertion loss of receiver chain
	0.00
	0.00
	Rectangular
	1.73
	1
	0.00
	0.00

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Normal
	1.00
	1
	0.01
	0.01

	A2-7
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	1.41
	1
	0.15
	0.21

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

	A2-8
	Misalignment positioning system
	0.00
	0.00
	Exp. normal 
	2.00
	1
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00

	A2-9
	Rotary joints
	0.00
	0.00
	U-shaped
	1.41
	1
	0.00
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	Normal
	1.00
	1
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)
	0.89
	1.06

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.74
	2.07



9.2.3.5	MU value derivation, FR2-2
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2-2. The CATR test setup and calibration and measurement procedures for FR2-2 are expected to be similar to those of FR2-1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures, additionally, RF power measurement equipment used for MU budget analysis is Power sensor rather spectrum analyzer. Refer to UID C1-10 description in Annex C.1 for condition which power sensor is usable as power measurement equipment.
Table 9.2.3.5-1 captures the uncertainty budget contributors and table 9.2.3.5-2 captures the derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in CATR (Normal test conditions, FR2-2).
Table 9.2.3.5-1: CATR measurement uncertainty contributors for EIRP accuracy measurements, Normal test conditions, FR2-2
	UID / Details in annex
	Uncertainty source

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)

	C1-10
	Uncertainty of the RF power measurement equipment (power meter, power sensor) - high power (EIRP)

	A2-2a
	Standing wave between BS and test range antenna

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)

	A2-4a
	QZ ripple experienced by BS

	A2-12
	Frequency flatness of test system

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer

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

	A2-6
	Insertion loss of receiver chain

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)

	A2-7
	Influence of the calibration antenna feed cable

	C1-4
	Uncertainty of the absolute gain of the reference antenna

	A2-8
	Misalignment positioning system

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)

	A2-9
	Rotary joints

	A2-2b
	Standing wave between calibration antenna and test range antenna

	A2-4b
	QZ ripple experienced by calibration antenna

	A2-11
	Switching uncertainty



NOTE:	In the legacy technical reports for BS testability (RAN4) or UE testability (RAN5), the MU/TT derivation tables were using UID as counting numbers across multiple test chambers and requirement's clauses. In this TR a simplified approach was taken with the UID's being the annex number of the measurement uncertainty source description.
Table 9.2.3.5-2: CATR MU value derivation for EIRP accuracy measurements, Normal test conditions, FR2-2
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on
	ci
	Standard uncertainty ui (dB)

	
	
	52.6 < f <71 GHz
	
	distribution shape
	
	52.6 < f <71 GHz

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.20
	Exp. normal
	2.00
	1
	0.10

	C1-10
	Uncertainty of the RF power measurement equipment (power meter, power sensor) - high power (EIRP)
	0.98
	 Normal
	1.00
	1
	0.98

	A2-2a
	Standing wave between BS and test range antenna
	0.21
	U-shaped
	1.41
	1
	0.15

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	Normal
	1.00
	1
	0.00

	A2-4a
	QZ ripple experienced by BS
	0.40
	Normal 
	1.00
	1
	0.40

	A2-12
	Frequency flatness of test system
	0.25
	Normal
	1.00
	1
	0.25

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.85
	 Normal
	1.00
	1
	0.85

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.57
	U-shaped
	1.41
	1
	0.40

	A2-6
	Insertion loss of receiver chain
	0.17
	Rectangular
	1.73
	1
	0.10

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	Normal
	1.00
	1
	0.01

	A2-7
	Influence of the calibration antenna feed cable
	0.29
	U-shaped
	1.41
	1
	0.21

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

	A2-8
	Misalignment positioning system
	0.00
	Exp. normal 
	2.00
	1
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	Exp. normal
	2.00
	1
	0.00

	A2-9
	Rotary joints
	0.00
	U-shaped
	1.41
	1
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	U-shaped
	1.41
	1
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	Normal
	1.00
	1
	0.01

	A2-11
	Switching uncertainty
	0.43
	Rectangular
	1.73
	1
	0.25

	Combined standard uncertainty (1σ) (dB)
	1.52

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.98




<< Unchanged clauses skipped >>

[bookmark: _Toc32332071][bookmark: _Toc37429986][bookmark: _Toc43739060][bookmark: _Toc46346821][bookmark: _Toc53165760][bookmark: _Toc53166455][bookmark: _Toc53167149][bookmark: _Toc61130381][bookmark: _Toc61131107][bookmark: _Toc61187949][bookmark: _Toc83029239][bookmark: _Toc83919837][bookmark: _Toc89784858]9.2.7	Maximum accepted test system uncertainty
Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test system uncertainty values was derived based on test system specific values.
According to the methodology referred above, the common maximum accepted test system uncertainty values for the EIRP accuracy test can be derived from values captured in table 9.2.7-1, separately for each of the defined frequency ranges. The common maximum accepted test system uncertainty values are applicable for all test methods addressing EIRP accuracy test requirement in Normal test conditions. Based on input values in table 9.2.7-1, the expanded uncertainty ue (1.96σ - confidence interval of 95 %) values were derived for frequency ranges as below:
-	For the frequency range up to 4.2 GHz (with the breakdown point at 3 GHz), the same MU values as for E‑UTRA in TS 37.145-2 [4] were adopted also for NR operation below 4.2 GHz. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same. The MU value was thus agreed to be 1.1 dB for up to 3 GHz bands.
-	For the frequency range 4.2 - 6 GHz, all MU factors including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ. The MU value was thus agreed to be 1.3 dB for 3 – 6 GHz bands. The MU in 4.2 - 6 GHz is valid for BS designed to operate in licensed spectrum.
-	Based on CATR inputs in clause 9.2.3.4, for the frequency range 24.25 < f < 29.5 GHz the MU was decided to be 1.7 dB.
-	Based on CATR inputs in clause 9.2.3.4, for the frequency range 37 < f < 43.5 GHz the MU was decided to be 2.0 dB.
-	Based on CATR inputs in clause 9.2.3.5, for the frequency range 52.6 < f < 71 GHz the MU was decided to be 3.0 dB.
Table 9.2.7-1: OTA test system specific measurement uncertainty values for the EIRP accuracy, FR1, Normal test conditions
	　
	Expanded uncertainty (dB)

	
	f < 3 GHz
	3 < f < 4.2 GHz
	4.2 < f < 6 GHz

	Indoor Anechoic Chamber
	0.87
	1.06
	1.06

	Compact Antenna Test Range
	1.11
	1.27
	1.27

	One Dimensional Compact Range Chamber
	0.90
	1.10
	1.10

	Near Field Test Range
	1.01
	1.10
	1.10

	Plane Wave Synthesizer
	0.98
	1.19
	1.29

	Common maximum accepted test system uncertainty
	1.10
	1.30
	1.30



Table 9.2.7-2: OTA test system specific measurement uncertainty values for the EIRP accuracy, FR2, Normal test conditions
	　
	Expanded uncertainty (dB)

	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz 
	52.6 < f < 71 GHz

	Indoor Anechoic Chamber
	-
	-　
	-
	-

	Compact Antenna Test Range
	1.74
	2.07
	-
	2.98

	One Dimensional Compact Range Chamber
	　-
	-　
	-
	-

	Near Field Test Range
	　-
	-　
	-
	-

	Plane Wave Synthesizer
	　-
	-　
	-
	-

	Common maximum accepted test system uncertainty
	1.70
	2.00
	2.2 (NOTE)
	3.0

	NOTE:	MU estimation for 43.5 < f < 48.2 GHz was derived based on the linear approximation (based on MU values for lower frequency ranges). MU extrapolation approach was used instead of the typical derivation of the Expanded MU based on the MU budget calculations, as in case of lower frequency ranges.
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[bookmark: _Toc61130382][bookmark: _Toc61131108][bookmark: _Toc61187950][bookmark: _Toc83029240][bookmark: _Toc83919838][bookmark: _Toc89784859]9.2.8	Test Tolerance for EIRP accuracy, Normal test conditions
Considering the methodology described in clause 5.1, Test Tolerance values for EIRP were derived based on values captured in clause 9.2.7.
The TT was decided to be the same as the MU for EIRP accuracy in FR1.
The TT was decided to be the same as the MU for EIRP accuracy in FR2.
Frequency range specific Test Tolerance values for the EIRP accuracy test are defined in table 9.2.8-1.
Table 9.2.8-1: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR1 
	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 < f < 6 GHz

	Test Tolerance (dB)
	1.1
	1.3
	1.3



Table 9.2.8-2: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR2
	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Test Tolerance (dB)
	1.7
	2.0
	2.2
	3.0



An overview of the TT values for all the requirements is captured in clause 18.

<< Unchanged clauses skipped >>

[bookmark: _Toc61130391][bookmark: _Toc61131117][bookmark: _Toc61187959][bookmark: _Toc83029249][bookmark: _Toc83919847][bookmark: _Toc89784868][bookmark: _Toc32332082][bookmark: _Toc21086397][bookmark: _Toc29768834][bookmark: _Toc37429998][bookmark: _Toc43739071][bookmark: _Toc46346832][bookmark: _Toc53165771][bookmark: _Toc53166466][bookmark: _Toc53167160]9.3.3	Compact Antenna Test Range
[bookmark: _Toc61130392][bookmark: _Toc61131118][bookmark: _Toc61187960][bookmark: _Toc83029250][bookmark: _Toc83919848][bookmark: _Toc89784869]9.3.3.1	Measurement system description
[bookmark: _Toc32332083][bookmark: _Toc37429999][bookmark: _Toc43739072][bookmark: _Toc46346833][bookmark: _Toc53165772][bookmark: _Toc53166467][bookmark: _Toc53167161][bookmark: _Toc21086398][bookmark: _Toc29768835]Measurement system description for the CATR measurement in the Extreme test environment is captured in clause 7.3.2.
[bookmark: _Toc61130393][bookmark: _Toc61131119][bookmark: _Toc61187961][bookmark: _Toc83029251][bookmark: _Toc83919849][bookmark: _Toc89784870]9.3.3.2	Test procedure
[bookmark: _Toc32332084][bookmark: _Toc37430000][bookmark: _Toc43739073][bookmark: _Toc46346834][bookmark: _Toc53165773][bookmark: _Toc53166468][bookmark: _Toc53167162][bookmark: _Toc61130394][bookmark: _Toc61131120][bookmark: _Toc61187962][bookmark: _Toc83029252][bookmark: _Toc83919850][bookmark: _Toc89784871]9.3.3.2.1	Stage 1: Calibration
The CATR calibration for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
Calibration shall be done with the same procedure shown in clause 9.2.3.2.1 (i.e. EIRP accuracy calibration procedure for Normal test conditions) to ensure that the SNR at the measurement equipment input is appropriate for the measurement of the requirement and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc21086399][bookmark: _Toc29768836][bookmark: _Toc32332085][bookmark: _Toc37430001][bookmark: _Toc43739074][bookmark: _Toc46346835][bookmark: _Toc53165774][bookmark: _Toc53166469][bookmark: _Toc53167163][bookmark: _Toc61130395][bookmark: _Toc61131121][bookmark: _Toc61187963][bookmark: _Toc83029253][bookmark: _Toc83919851][bookmark: _Toc89784872]9.3.3.2.2	Stage 2: BS measurement
The CATR test setup and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures. For FR2-2, RF power measurement equipment used for MU budget analysis is Power sensor rather spectrum analyzer. Refer to UID C1-10 description in Annex C.1 for condition which power sensor is usable as power measurement equipment.

Reference procedure in clause 9.2.3.2.2 (i.e. EIRP accuracy measurement procedure for Normal test conditions).
[bookmark: _Toc21086402][bookmark: _Toc29768839][bookmark: _Toc32332086][bookmark: _Toc37430002][bookmark: _Toc43739075][bookmark: _Toc46346836][bookmark: _Toc53165775][bookmark: _Toc53166470][bookmark: _Toc53167164][bookmark: _Toc61130396][bookmark: _Toc61131122][bookmark: _Toc61187964][bookmark: _Toc83029254][bookmark: _Toc83919852][bookmark: _Toc89784873]9.3.3.3	MU value derivation, FR1
Table 9.3.3.3-1: CATR MU value derivation for EIRP accuracy measurements in Extreme test conditions
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor based
	ci
	Standard uncertainty ui (dB)

	
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz
	probability
	on distribution shape
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz

	Stage 2: BS measurement
	　

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.00
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26
	0.26

	A2-2a
	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

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	A2-13
	Quality of quiet zone (extreme test conditions)
	0.60
	0.60
	0.60
	Gaussian
	1.00
	1
	0.60
	0.60
	0.60

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25
	0.25

	A2-14
	Wet radome loss variation
	0.40
	0.40
	0.40
	Rectangular
	1.73
	1
	0.23
	0.23
	0.23

	A2-15
	 Radome loss variation
	0.95
	0.95
	0.95
	Gaussian
	1.00
	1
	0.95
	0.95
	0.95

	A2-16
	Change in absorber behavior
	0.10
	0.10
	0.10
	Gaussian
	1.00
	1
	0.10
	0.10
	0.10

	Stage 1: Calibration measurement
	　

	C1-3
	Uncertainty of the network analyzer
	0.13
	0.20
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20
	0.00

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.13
	0.33
	0.33
	U-shaped
	1.41
	1
	0.09
	0.23
	0.23

	A2-6
	Insertion loss of receiver chain
	0.18
	0.18
	0.18
	Rectangular
	1.73
	1
	0.10
	0.10
	0.10

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	A2-7
	Influence of the calibration antenna feed cable
	0.02
	0.02
	0.02
	U-shaped
	1.41
	1
	0.02
	0.02
	0.02

	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.50
	0.43
	0.43
	Rectangular
	1.73
	1
	0.29
	0.25
	0.25

	A2-8
	Misalignment positioning system
	0.00
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.50
	0.50
	0.50
	Exp. normal
	2.00
	1
	0.25
	0.25
	0.25

	A2-9
	Rotary joints
	0.05
	0.05
	0.05
	U-shaped
	1.41
	1
	0.03
	0.03
	0.03

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna (normal test conditions)
	0.01
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.26
	0.26
	0.26
	Rectangular
	1.73
	1
	0.15
	0.15
	0.15

	Combined standard uncertainty (1σ) (dB)
	1.28
	1.32
	1.30

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.51
	2.58
	2.55
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Table 9.3.3.4-1: CATR MU value derivation for EIRP accuracy measurements in Extreme test conditions, FR2-1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor based
	ci
	Standard uncertainty ui (dB)

	
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz
	probability
	on distribution shape
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.20
	0.20
	Exp. normal
	2.00
	1
	0.10
	0.10

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - high power
	0.50
	0.70
	 Gaussian
	1.00
	1
	0.50
	0.70

	A2-2a
	Standing wave between BS and test range antenna
	0.03
	0.03
	U-shaped
	1.41
	1
	0.02
	0.02

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-13
	QZ ripple with BS (extreme test conditions)
	0.70
	0.70
	Gaussian
	1.00
	1
	0.70
	0.70

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25

	A2-15
	Radome loss variation
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50

	A2-14
	Wet radome loss variation
	0.90
	0.90
	Gaussian
	1.00
	1
	0.90
	0.90

	A2-16
	Change in absorber behavior
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50

	Stage 1: Calibration measurement

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

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.43
	0.57
	U-shaped
	1.41
	1
	0.30
	0.40

	A2-6
	Insertion loss of receiver chain
	0.00
	0.00
	Rectangular
	1.73
	1
	0.00
	0.00

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-7
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	1.41
	1
	0.15
	0.21

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

	A2-8
	Misalignment  positioning system
	0.00
	0.00
	Exp. normal 
	2.00
	1
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00

	A2-9
	Rotary joints
	0.00
	0.00
	U-shaped
	1.41
	1
	0.00
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna (normal test conditions)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)
	1.56
	1.66

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	3.05
	3.25
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Table 9.3.3.5-1: CATR MU value derivation for EIRP accuracy measurements in Extreme test conditions, FR2-2
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on
	ci
	Standard uncertainty ui (dB)

	
	
	52.6 < f <71 GHz
	
	distribution shape
	
	52.6 < f <71 GHz

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.20
	Exp. normal
	2.00
	1
	0.10

	C1-10
	Uncertainty of the RF power measurement equipment (power meter, power sensor) - high power (EIRP)
	0.98
	Gaussian 
	1.00
	1
	0.98

	A2-2a
	Standing wave between BS and test range antenna
	0.21
	U-shaped
	1.41
	1
	0.15

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	Gaussian
	1.00
	1
	0.00

	A2-13
	QZ ripple with BS (extreme test conditions) 
	0.70
	Gaussian
	1.00
	1
	0.70

	A2-12
	Frequency flatness of test system
	0.25
	Gaussian
	1.00
	1
	0.25

	A2-15
	Radome loss variation
	0.50
	Gaussian
	1.00
	1
	0.50

	A2-14
	Wet radome loss variation
	0.90
	Gaussian
	1.00
	1
	0.90

	A2-16
	Change in absorber behavior
	0.50
	Gaussian
	1.00
	1
	0.50

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.85
	 Normal
	1.00
	1
	0.85

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.57
	U-shaped
	1.41
	1
	0.40

	A2-6
	Insertion loss of receiver chain
	0.17
	Rectangular
	1.73
	1
	0.10

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	Normal
	1.00
	1
	0.01

	A2-7
	Influence of the calibration antenna feed cable
	0.29
	U-shaped
	1.41
	1
	0.21

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

	A2-8
	Misalignment positioning system
	0.00
	Exp. normal 
	2.00
	1
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	Exp. normal
	2.00
	1
	0.00

	A2-9
	Rotary joints
	0.00
	U-shaped
	1.41
	1
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	U-shaped
	1.41
	1
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna (normal test conditions)
	0.01
	Normal
	1.00
	1
	0.01

	A2-11
	Switching uncertainty
	0.43
	Rectangular
	1.73
	1
	0.25

	Combined standard uncertainty (1σ) (dB)
	1.99

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	3.89



9.3.4	Maximum accepted test system uncertainty
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA in TS 37.145-2 [4] were adopted. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
The MU value was thus agreed to be 2.5 dB for up to 3 GHz bands and 2.6 dB for 3 – 6 GHz bands. The MU in 4.2 - 6 GHz is valid for BS designed to operate in licensed spectrum.
For FR2, for the direct far field method the MU budget is very similar to the existing MU budget for the EIRP accuracy requirement. However there are a number of additional sources of uncertainty due to the environmental enclosure that need to be added to the budget. For FR2 only the CATR MU budget has been assessed however other suitable camber types are not precluded.
Based on the above evaluation, the MU was decided to be 3.1 dB for the frequency range 24.25 < f < 29.5 GHz,  and 3.3 dB for the frequency range 37 < f < 43.5 GHz, and 3.9 for the frequency range 52.6 < f < 71 GHz..
Test system specific measurement uncertainty values for the EIRP accuracy in Extreme test conditions are summarised in table 9.3.4-1.
Table 9.3.4-1: Test system specific measurement uncertainty values for the EIRP accuracy in Extreme test conditions, FR1
	
	Expanded uncertainty ue (dB)

	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Indoor Anechoic Chamber
	2.46
	2.53
	2.53

	Compact Antenna Test Range
	2.51
	2.58
	2.55

	Common maximum accepted test system uncertainty
	2.5
	2.6
	2.6



Table 9.3.4-2: Test system specific measurement uncertainty values for the EIRP accuracy in Extreme test conditions, FR2
	
	Expanded uncertainty ue (dB)

	
	24.25 < f <29.5 GHz
	37  < f ≤ 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Compact Antenna Test Range
	3.05
	3.25
	-
	3.89

	Common maximum accepted test system uncertainty
	3.1
	3.3
	3.5 (NOTE)
	3.9

	NOTE:	MU estimation for 43.5 < f < 48.2 GHz was derived based on the linear approximation (based on MU values for lower frequency ranges). MU extrapolation approach was used instead of the typical derivation of the Expanded MU based on the MU budget calculations, as in case of lower frequency ranges.
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Considering the methodology described in clause 5.1, Test Tolerance values for EIRP were derived based on values captured in clause 9.3.4.
The TT was decided to be the same as the MU for EIRP accuracy in FR1.
The TT was decided to be the same as the MU for EIRP accuracy in FR2.
Frequency range specific Test Tolerance values for the EIRP accuracy test are defined in table 9.3.5-1.
Table 9.3.5-1: Test Tolerance values for the EIRP accuracy in Extreme test conditions, FR1
	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Test Tolerance (dB)
	2.5
	2.6
	2.6



Table 9.3.5-2: Test Tolerance values for the EIRP accuracy in Extreme test conditions, FR2
	
	24.25 < f <29.5 GHz
	37 GHz < f ≤ 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Test Tolerance (dB)
	3.1
	3.3
	3,5
	3.9



An overview of the TT values for all the requirements is captured in clause 18.

<< Unchanged clauses skipped >>
[bookmark: _Toc43739189][bookmark: _Toc46346950][bookmark: _Toc53165889][bookmark: _Toc53166584][bookmark: _Toc53167278][bookmark: _Toc61130510][bookmark: _Toc61131236][bookmark: _Toc61188078][bookmark: _Toc83029368][bookmark: _Toc83919966][bookmark: _Toc89784987][bookmark: _Toc137299487][bookmark: _Toc138888533][bookmark: _Toc138889257]9.7.6	Maximum accepted test system uncertainty
Without consideration of any phase uncertainty, the amplitude error analysis shows the conducted MU of 1% can be maintained for the OTA MU (subject to the clarification noted in the limitations clause that the reported EVM may be greater than the real EVM due to the difference between near field and far field EVM values. The extent of such a difference is dependent on the architecture of the BS).
NOTE:	Analysis of the phase uncertainties indicates that the contributions are not significant to affect the final MU value, however if future work indicates that phase or any other errors not related to amplitude calibration may affect the EVM measurement uncertainty the MU analysis may be re-examined.
The MU for FR1 for EVM below 4.2 GHz was agreed to be the same as for eAAS WI. It is expected that the measurement chamber setup, calibration and measurement procedures and the MU budget will be identical for E-UTRA and NR.
Furthermore, for the frequency range 4.2 – 6 GHz, the chamber and instrument uncertainties are the same as those for the frequency range 3 – 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum.
For FR2, similarly to FR1, as long as the link budget is sufficient to provide a signal at the test equipment that is within its operating range, then the signal quality requirements MU depends only on the test equipment MU. In the beam center, for a CATR, there is sufficient link budget and thus the MU was decided based on expected test equipment performance. 
For FR2-2, in addition to above, higher frequency and wider bandwidth contribute to higher noise floor and larger amplitude error in channel bandwidth. Because of this, estimated 0.1% increase on MU.
The MU values are 1% for EVM. For FR2-2, 1.1%.
An overview of the MU values for all the requirements is captured in clause 17.
[bookmark: _Toc32332176][bookmark: _Toc37430093][bookmark: _Toc43739190][bookmark: _Toc46346951][bookmark: _Toc53165890][bookmark: _Toc53166585][bookmark: _Toc53167279][bookmark: _Toc61130511][bookmark: _Toc61131237][bookmark: _Toc61188079][bookmark: _Toc83029369][bookmark: _Toc83919967][bookmark: _Toc89784988][bookmark: _Toc137299488][bookmark: _Toc138888534][bookmark: _Toc138889258]9.7.7	Test Tolerance for EVM
Considering the methodology described in clause 5.1, Test Tolerance values for EVM were derived based on values captured in clause 9.7.6.
The TT values were agreed to be the same as the MU values.
Frequency range specific Test Tolerance values for the EVM test are defined in table 9.7.7-1.
Table 9.7.7-1: Test Tolerance values for EVM, FR1
	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Test Tolerance (%)
	1
	1
	1



Table 9.7.7-2: Test Tolerance values for EVM, FR2
	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6  < f < 71 GHz

	Test Tolerance (%)
	1
	1
	1
	1.1



An overview of the TT values for all the requirements is captured in clause 18.


<< Unchanged clauses skipped >>
[bookmark: _Toc32332223][bookmark: _Toc37430140][bookmark: _Toc43739243][bookmark: _Toc46347004][bookmark: _Toc53165943][bookmark: _Toc53166638][bookmark: _Toc53167332][bookmark: _Toc61130570][bookmark: _Toc61131296][bookmark: _Toc61188138][bookmark: _Toc83029428][bookmark: _Toc83920026][bookmark: _Toc89785047][bookmark: _Toc32332224][bookmark: _Toc37430141][bookmark: _Toc43739244][bookmark: _Toc46347005][bookmark: _Toc53165944][bookmark: _Toc53166639][bookmark: _Toc53167333]9.10.2	Compact Antenna Test Range
[bookmark: _Toc61130571][bookmark: _Toc61131297][bookmark: _Toc61188139][bookmark: _Toc83029429][bookmark: _Toc83920027][bookmark: _Toc89785048]9.10.2.1	Measurement system description
The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if suitable MU assessment is done.
[bookmark: _Toc32332225][bookmark: _Toc37430142][bookmark: _Toc43739245][bookmark: _Toc46347006][bookmark: _Toc53165945][bookmark: _Toc53166640][bookmark: _Toc53167334]Measurement system description is captured in clause 7.3.1.
[bookmark: _Toc61130572][bookmark: _Toc61131298][bookmark: _Toc61188140][bookmark: _Toc83029430][bookmark: _Toc83920028][bookmark: _Toc89785049]9.10.2.2	Test procedure
[bookmark: _Toc32332226][bookmark: _Toc37430143][bookmark: _Toc43739246][bookmark: _Toc46347007][bookmark: _Toc53165946][bookmark: _Toc53166641][bookmark: _Toc53167335][bookmark: _Toc61130573][bookmark: _Toc61131299][bookmark: _Toc61188141][bookmark: _Toc83029431][bookmark: _Toc83920029][bookmark: _Toc89785050]9.10.2.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.
[bookmark: _Toc32332227][bookmark: _Toc37430144][bookmark: _Toc43739247][bookmark: _Toc46347008][bookmark: _Toc53165947][bookmark: _Toc53166642][bookmark: _Toc53167336][bookmark: _Toc61130574][bookmark: _Toc61131300][bookmark: _Toc61188142][bookmark: _Toc83029432][bookmark: _Toc83920030][bookmark: _Toc89785051]9.10.2.2.2	Stage 2: BS measurement
NOTE:	CATR-specific test procedure was not provided at the time of creation of this TR. Refer appropriate test procedure for BS type 2-O in TS 38.141-2, clause 6.5.2.4.2.1 with FR2 specific procedure steps in TS 38.141-2, clause 6.5.2.4.2.3.
[bookmark: _Toc32332228][bookmark: _Toc37430145][bookmark: _Toc43739248][bookmark: _Toc46347009][bookmark: _Toc53165948][bookmark: _Toc53166643][bookmark: _Toc53167337][bookmark: _Toc61130575][bookmark: _Toc61131301][bookmark: _Toc61188143][bookmark: _Toc83029433][bookmark: _Toc83920031][bookmark: _Toc89785052]9.10.2.3	MU value derivation, FR2
The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if suitable MU assessment is done.
The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the spectrum analyzer may be needed.
Table 9.10.2.3-1: CATR uncertainty assessment for EIRP measurements for transmitter OFF power and transmitter transient period for FR2-1
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz
	
	shape
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.20
	0.20
	Exp. normal
	2.00
	1
	0.10
	0.10

	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
	Gaussian
	1.00
	1
	1.25
	1.45

	A2-2a
	Standing wave between BS and test range antenna
	0.03
	0.03
	U-shaped
	1.41
	1
	0.02
	0.02

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-4a
	QZ ripple experienced by BS
	0.40
	0.40
	Gaussian 
	1.00
	1
	0.40
	0.40

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25

	Stage 1: Calibration measurement

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

	A2-5b
	Mismatch of receiver chain for low power receiver
	0.72
	0.72
	U-shaped
	1.41
	1
	0.51
	0.51

	A2-6
	Insertion loss of receiver chain
	0.00
	0.00
	Rectangular
	1.73
	1
	0.00
	0.00

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-7
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	1.41
	1
	0.15
	0.21

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

	A2-8
	Misalignment  positioning system
	0.00
	0.00
	Exp. normal 
	2.00
	1
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00

	A2-9
	Rotary joints
	0.00
	0.00
	U-shaped
	1.41
	1
	0.00
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)
	1.50
	1.68

	Expanded uncertainty (1.96σ – confidence interval of 95 %) (dB)
	2.95
	3.29



Table 9.10.2.3-2: CATR uncertainty assessment for EIRP measurements for transmitter OFF power and transmitter transient period for FR2-2
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	52.6 < f <71 GHz
	
	shape
	
	52.6 < f <71 GHz

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.20
	Exp. normal
	2.00
	1
	0.10

	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
	2.51
	Gaussian
	1.00
	1
	2.61

	A2-2a
	Standing wave between BS and test range antenna
	0.21

	U-shaped
	1.41
	1
	0.15


	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00

	Gaussian
	1.00
	1
	0.00


	A2-4a
	QZ ripple experienced by BS
	0.40

	Gaussian 
	1.00
	1
	0.40


	A2-12
	Frequency flatness of test system
	0.25

	Gaussian
	1.00
	1
	0.25


	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.85

	Gaussian
	1.00
	1
	0.85


	A2-5b
	Mismatch of receiver chain for low power receiver
	0.72

	U-shaped
	1.41
	1
	0.51


	A2-6
	Insertion loss of receiver chain
	0.17

	Rectangular
	1.73
	1
	0.10


	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01

	Gaussian
	1.00
	1
	0.01


	A2-7
	Influence of the calibration antenna feed cable
	0.29
	U-shaped
	1.41
	1
	0.21

	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.52

	Rectangular
	1.73
	1
	0.30


	A2-8
	Misalignment  positioning system
	0.00

	Exp. normal 
	2.00
	1
	0.00


	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00

	Exp. normal
	2.00
	1
	0.00


	A2-9
	Rotary joints
	0.00

	U-shaped
	1.41
	1
	0.00


	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09

	U-shaped
	1.41
	1
	0.06


	A2-4b
	QZ ripple experienced by calibration antenna
	0.01

	Gaussian
	1.00
	1
	0.01


	A2-11
	Switching uncertainty
	0.43

	Rectangular
	1.73
	1
	0.25


	Combined standard uncertainty (1σ) (dB)
	2.87

	Expanded uncertainty (1.96σ – confidence interval of 95 %) (dB)
	5.63



[bookmark: _Toc32332229][bookmark: _Toc37430146][bookmark: _Toc43739249][bookmark: _Toc46347010][bookmark: _Toc53165949][bookmark: _Toc53166644][bookmark: _Toc53167338][bookmark: _Toc61130576][bookmark: _Toc61131302][bookmark: _Toc61188144][bookmark: _Toc83029434][bookmark: _Toc83920032][bookmark: _Toc89785053]9.10.3	Maximum accepted test system uncertainty
The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if suitable MU assessment is done.
Table 9.10.3-1: Maximum accepted test system uncertainty values for the EIRP accuracy of transmitter OFF power, FR2
	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f <71 GHz

	Maximum accepted test system uncertainty (dB)
	2.9
	3.3
	3.6 (NOTE)
	5.6

	NOTE:	MU estimation for 43.5 < f < 48.2 GHz was derived based on the linear approximation (based on MU values for lower frequency ranges). MU extrapolation approach was used instead of the typical derivation of the Expanded MU based on the MU budget calculations, as in case of lower frequency ranges.



[bookmark: _Toc32332230][bookmark: _Toc37430147][bookmark: _Toc43739250][bookmark: _Toc46347011][bookmark: _Toc53165950][bookmark: _Toc53166645][bookmark: _Toc53167339][bookmark: _Toc61130577][bookmark: _Toc61131303][bookmark: _Toc61188145][bookmark: _Toc83029435][bookmark: _Toc83920033][bookmark: _Toc89785054]9.10.4	Test Tolerance for OTA TX OFF power and transmitter transient period
Considering the methodology described in clause 5.1, Test Tolerance values for OTA TX OFF power and transmitter transient period were derived based on values captured in clause 9.10.3.
The TT value was agreed to be the same as the MU.
Frequency range specific Test Tolerance values for the OTA TX OFF power and transmitter transient period test are defined in table 9.10.4-1.
Table 9.10.4-1: Test Tolerance values for the EIRP accuracy of transmitter OFF power, FR2
	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f <71 GHz

	Test Tolerance (dB)
	2.9
	3.3
	3.6
	5.6



An overview of the TT values for all the requirements is captured in clause 18.

<< Unchanged clauses skipped >>

[bookmark: _Toc32332344][bookmark: _Toc37430261][bookmark: _Toc43739364][bookmark: _Toc46347125][bookmark: _Toc53166064][bookmark: _Toc53166759][bookmark: _Toc53167453][bookmark: _Toc61130714][bookmark: _Toc61131440][bookmark: _Toc61188282][bookmark: _Toc83029572][bookmark: _Toc83920170][bookmark: _Toc89785191][bookmark: _Toc21086488][bookmark: _Toc29768925][bookmark: _Toc32332345][bookmark: _Toc37430262][bookmark: _Toc43739365][bookmark: _Toc46347126][bookmark: _Toc53166065][bookmark: _Toc53166760][bookmark: _Toc53167454]11.2.3	Compact Antenna Test Range
[bookmark: _Toc61130715][bookmark: _Toc61131441][bookmark: _Toc61188283][bookmark: _Toc83029573][bookmark: _Toc83920171][bookmark: _Toc89785192]11.2.3.1	Measurement system description
Measurement system description is captured in clause 7.3.1, with the Compact Antenna Test Range measurement system setup depicted on figure 8.3-1.
[bookmark: _Toc32332346][bookmark: _Toc37430263][bookmark: _Toc43739366][bookmark: _Toc46347127][bookmark: _Toc53166066][bookmark: _Toc53166761][bookmark: _Toc53167455][bookmark: _Toc61130716][bookmark: _Toc61131442][bookmark: _Toc61188284][bookmark: _Toc83029574][bookmark: _Toc83920172][bookmark: _Toc89785193]11.2.3.2	Test procedure
[bookmark: _Toc32332347][bookmark: _Toc37430264][bookmark: _Toc43739367][bookmark: _Toc46347128][bookmark: _Toc53166067][bookmark: _Toc53166762][bookmark: _Toc53167456][bookmark: _Toc61130717][bookmark: _Toc61131443][bookmark: _Toc61188285][bookmark: _Toc83029575][bookmark: _Toc83920173][bookmark: _Toc89785194]11.2.3.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.
NOTE:	This stage may be omitted provided calibration stage has been performed already during output power measurement.
[bookmark: _Toc32332348][bookmark: _Toc37430265][bookmark: _Toc43739368][bookmark: _Toc46347129][bookmark: _Toc53166068][bookmark: _Toc53166763][bookmark: _Toc53167457][bookmark: _Toc61130718][bookmark: _Toc61131444][bookmark: _Toc61188286][bookmark: _Toc83029576][bookmark: _Toc83920174][bookmark: _Toc89785195][bookmark: _Toc21086491][bookmark: _Toc29768928]11.2.3.2.2	Stage 2: BS measurement
The CATR testing procedure consists of the following steps:
1)	Set up BS in place of SGH from calibration stage. Align the coordinates system of the BS with that of the test system.
2)	Set the BS to transmit the test signal at the maximum power according to the applicable test model.
3)	Rotate the BS to make the testing direction aligned with the direction of the receiving antenna.
4)	Measure the applicable test parameter.
5)	Repeat the above steps 2 - 4 at a number of discrete directions around the sphere according to the chosen measurement grid, see clause 6.3.3.
6)	Calculate TRPs from power density, as shown in clause 6.3.3.
The appropriate test parameter in step 5 is measured mean power PR_desired, B within the desired signal channel bandwidth for each carrier arriving at the measurement equipment connector B in figure 8.3-1. Calculation of powerd is done using the following equitation:
	powerd = PR_desired, B + LTX_cal, A→B
NOTE:	If the test facility only supports single polarization, then measure power with the test facility's test antenna/probe polarization matched to the BS, then measure and sum the power on both polarizations. If the test facility supports dual polarization then measure total power for two orthogonal polarizations and calculate total radiated transmit power as the sum over both polarizations.
[bookmark: _Toc32332349][bookmark: _Toc37430266][bookmark: _Toc43739369][bookmark: _Toc46347130][bookmark: _Toc53166069][bookmark: _Toc53166764][bookmark: _Toc53167458][bookmark: _Toc61130719][bookmark: _Toc61131445][bookmark: _Toc61188287][bookmark: _Toc83029577][bookmark: _Toc83920175][bookmark: _Toc89785196][bookmark: _Toc21086494][bookmark: _Toc29768931]11.2.3.3	MU value derivation, FR1
Table 11.2.3.3-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power measurements in CATR (Normal test conditions, FR1).
Table 11.2.3.3-1: CATR MU value derivation for OTA BS output power measurement, FR1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor based on
	ci
	Standard uncertainty ui (dB)

	
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz
	probability
	distribution shape
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz

	Stage 2: BS measurement
	　

	A2-18
	Misalignment and pointing error of BS (for TRP)
	0.30
	0.30
	0.30
	Rectangular
	1.73
	1
	0.173
	0.173
	0.173

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	0.26
	Gaussian
	1.00
	1
	0.140
	0.260
	0.260

	A2-2a
	Standing wave between BS and test range antenna
	0.21
	0.21
	0.21
	U-shaped
	1.41
	1
	0.148
	0.148
	0.148

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.001
	0.001
	0.001

	A2-4a
	QZ ripple experienced by BS
	0.09
	0.09
	0.09
	Gaussian
	1.00
	1
	0.093
	0.093
	0.093

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	0.25
	Gaussian
	1.00
	1
	0.250
	0.250
	0.250

	Stage 1: Calibration measurement
	　

	C1-3
	Uncertainty of the network analyzer
	0.13
	0.20
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20
	0.20

	A2-5a
	Mismatch or receiver chain between receiving antenna and measurement receiver
	0.13
	0.33
	0.33
	U-shaped
	1.41
	1
	0.09
	0.23
	0.23

	A2-6
	Insertion loss of receiver chain
	0.18
	0.18
	0.18
	Rectangular
	1.73
	1
	0.10
	0.10
	0.10

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	A2-7
	Influence of the calibration antenna feed cable
	0.02
	0.02
	0.02
	U-shaped
	1.41
	1
	0.02
	0.02
	0.02

	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.50
	0.43
	0.43
	Rectangular
	1.73
	1
	0.29
	0.25
	0.25

	A2-8
	Misalignment positioning system
	0.00
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	A2-18b
	Misalignment and pointing error of calibration antenna (for TRP)
	0.50
	0.50
	0.50
	Exp. normal
	2.00
	1
	0.25
	0.25
	0.25

	A2-9
	Rotary joints
	0.05
	0.05
	0.05
	U-shaped
	1.41
	1
	0.03
	0.03
	0.03

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.26
	0.26
	0.26
	Rectangular
	1.73
	1
	0.15
	0.15
	0.15

	Combined standard uncertainty (1σ) (dB)
	0.59
	0.67
	0.67

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.16
	1.31
	1.31

	TRP summation error
	0.75
	0.75
	0.75

	Total MU
	1.39
	1.51
	1.51



[bookmark: _Toc32332350][bookmark: _Toc37430267][bookmark: _Toc43739370][bookmark: _Toc46347131][bookmark: _Toc53166070][bookmark: _Toc53166765][bookmark: _Toc53167459][bookmark: _Toc61130720][bookmark: _Toc61131446][bookmark: _Toc61188288][bookmark: _Toc83029578][bookmark: _Toc83920176][bookmark: _Toc89785197]11.2.3.4	MU value derivation, FR2
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
Table 11.2.3.4-1 and table 11.2.3.4-2 captures derivation of the expanded measurement uncertainty values for OTA BS output power measurements in CATR (Normal test conditions, FR2).
Table 11.2.3.4-1: CATR MU value derivation for OTA BS output power measurement, FR2-1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz
	
	shape
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.20
	0.20
	Exp. normal
	2.00
	1
	0.10
	0.10

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - high power
	0.50
	0.70
	Gaussian
	1.00
	1
	0.50
	0.70

	A2-2a
	Standing wave between BS and test range antenna
	0.03
	0.03
	U-shaped
	1.41
	1
	0.02
	0.02

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-4a
	QZ ripple experienced by BS
	0.40
	0.40
	Gaussian
	1.00
	1
	0.40
	0.40

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25

	Stage 1: Calibration measurement

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

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.43
	0.57
	U-shaped
	1.41
	1
	0.30
	0.40

	A2-6
	Insertion loss of receiver chain
	0.00
	0.00
	Rectangular
	1.73
	1
	0.00
	0.00

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-7
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	1.41
	1
	0.15
	0.21

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

	A2-8
	Misalignment positioning system
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00

	A2-9
	Rotary joints
	0.00
	0.00
	U-shaped
	1.41
	1
	0.00
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	Combined standard uncertainty (1σ) (dB)
	0.88
	1.05

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.73
	2.07

	TRP summation error
	1.20
	1.20

	Total MU
	2.11
	2.39




Table 11.2.3.4-2: CATR MU value derivation for OTA BS output power measurement, FR2-2
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	52.6 < f
≤ 71 GHz
	
	shape
	
	52.6 < f
≤ 71 GHz

	Stage 2: BS measurement

	A2-18a
	Misalignment and pointing error of BS (for TRP)
	0.30

	Exp. normal
	2.00
	1
	0.15


	C1-10
	Uncertainty of the RF power measurement equipment (e.g. power meter, power sensor) -  high power (EIRP)
	0.98
	Gaussian
	1.00
	1
	0.98

	A2-2a
	Standing wave between BS and test range antenna
	0.29
	U-shaped
	1.41
	1
	0.15

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00

	Gaussian
	1.00
	1
	0.00


	A2-4a
	QZ ripple experienced by BS
	0.40

	Gaussian
	1.00
	1
	0.40


	A2-12
	Frequency flatness of test system
	0.25

	Gaussian
	1.00
	1
	0.25


	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.85

	Gaussian
	1.00
	1
	0.85


	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.78

	U-shaped
	1.41
	1
	0.40


	A2-6
	Insertion loss of receiver chain
	0.17
	Rectangular
	1.73
	1
	0.10


	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01

	Gaussian
	1.00
	1
	0.01


	A2-7
	Influence of the calibration antenna feed cable
	0.29

	U-shaped
	1.41
	1
	0.21


	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.52

	Rectangular
	1.73
	1
	0.30


	A2-8
	Misalignment positioning system
	0.00

	Exp. normal
	2.00
	1
	0.00


	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00

	Exp. normal
	2.00
	1
	0.00


	A2-9
	Rotary joints
	0.00

	U-shaped
	1.41
	1
	0.00


	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09

	U-shaped
	1.41
	1
	0.06


	A2-4b
	QZ ripple experienced by calibration antenna
	0.01

	Gaussian
	1.00
	1
	0.01


	Combined standard uncertainty (1σ) (dB)
	1.52

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.98

	TRP summation error
	1.20

	Total MU
	3.22



<< Unchanged clauses skipped >>
[bookmark: _Toc32332370][bookmark: _Toc37430287][bookmark: _Toc43739390][bookmark: _Toc46347151][bookmark: _Toc53166090][bookmark: _Toc53166785][bookmark: _Toc53167479][bookmark: _Toc61130740][bookmark: _Toc61131466][bookmark: _Toc61188308][bookmark: _Toc83029598][bookmark: _Toc83920196][bookmark: _Toc89785217][bookmark: _Toc21086509][bookmark: _Toc29768952]11.2.7	Maximum accepted test system uncertainty
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA in TS 37.145-2 [4] were adopted. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
For CATR the expanded MU is established as a root sum square combining of the dB values for the MU and the SE (see clause 12.10), the MU was decided to be 2.1 dB for the frequency range 24.25 < f < 29.5 GHz and 2.4 dB for the frequency range 37 < f < 43.5 GHz.
Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test system uncertainty values was derived based on test system specific values.
According to the methodology referred above, the common maximum accepted test system uncertainty values for OTA BS output power test can be derived from values captured in table 11.2.7-1 for FR1 and in table 11.2.7-2 for FR2, derived based on the expanded uncertainty ue (1.96σ - confidence interval of 95 %) values. The common maximum accepted test system uncertainty values are applicable for all test methods addressing OTA BS output power test requirement.
Table 11.2.7-1: Test system specific MU values for the OTA BS output power test, Normal test conditions, FR1
	
	Expanded uncertainty ue (dB)

	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Indoor Anechoic Chamber
	1.15
	1.30
	1.30

	Compact Antenna Test Range
	1.39
	1.51
	1.51

	Near Field Test Range
	1.26
	1.33
	1.33

	Plane Wave Synthesizer 
	1.24
	1.40
	1.49

	Reverberation Chamber
	1.37
	1.46
	1.46

	Common maximum accepted test system uncertainty
	1.4
	1.5
	1.5



Table 11.2.7-2: Test system specific MU values for the OTA BS output power test, Normal test conditions, FR2
	
	Expanded uncertainty ue (dB)

	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Indoor Anechoic Chamber
	
	
	-
	

	Compact Antenna Test Range
	2.11
	2.39
	-
	3.22

	Near Field Test Range
	
	
	-
	

	Reverberation chamber
	1.85
	2.08
	-
	2.93

	Plane Wave Synthesizer
	
	
	-
	

	Common maximum accepted test system uncertainty
	2.1
	2.4
	2.6
	3.2

	NOTE:	MU estimation for 43.5 < f < 48.2 GHz was derived based on the linear approximation (based on MU values for lower frequency ranges). MU extrapolation approach was used instead of the typical derivation of the Expanded MU based on the MU budget calculations, as in case of lower frequency ranges.



[bookmark: _Toc32332371][bookmark: _Toc37430288][bookmark: _Toc43739391][bookmark: _Toc46347152][bookmark: _Toc53166091][bookmark: _Toc53166786][bookmark: _Toc53167480]An overview of the MU values for all the requirements is captured in clause 17.
[bookmark: _Toc61130741][bookmark: _Toc61131467][bookmark: _Toc61188309][bookmark: _Toc83029599][bookmark: _Toc83920197][bookmark: _Toc89785218]11.2.8	Test Tolerance for OTA BS output power
Considering the methodology described in clause 5.1, Test Tolerance values for OTA BS output power were derived based on values captured in clause 11.2.7.
The TT value was agreed to be the same as the MU value, both for FR1 and FR2.
Frequency range specific Test Tolerance values for the OTA BS output power test are defined in table 11.2.8-1 for FR1 and in table 11.2.8-2 for FR2.
Table 11.2.8-1: Test Tolerance values for the OTA BS output power, Normal test conditions, FR1
	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Test Tolerance (dB)
	1.4
	1.5
	1.5



Table 11.2.8-2: Test Tolerance values for the OTA BS output power, Normal test conditions, FR2
	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Test Tolerance (dB)
	2.1
	2.4
	2.6
	3.2



An overview of the TT values for all the requirements is captured in clause 18.


<< Unchanged clauses skipped >>
[bookmark: _Toc32332380][bookmark: _Toc37430297][bookmark: _Toc43739400][bookmark: _Toc46347161][bookmark: _Toc53166100][bookmark: _Toc53166795][bookmark: _Toc53167489][bookmark: _Toc61130750][bookmark: _Toc61131476][bookmark: _Toc61188318][bookmark: _Toc83029608][bookmark: _Toc83920206][bookmark: _Toc89785227][bookmark: _Toc32332381][bookmark: _Toc37430298][bookmark: _Toc43739401][bookmark: _Toc46347162][bookmark: _Toc53166101][bookmark: _Toc53166796][bookmark: _Toc53167490]11.3.3	Compact Antenna Test Range
[bookmark: _Toc61130751][bookmark: _Toc61131477][bookmark: _Toc61188319][bookmark: _Toc83029609][bookmark: _Toc83920207][bookmark: _Toc89785228]11.3.3.1	Measurement system description
Measurement system description is captured in clause 7.3.1, with the Compact Antenna Test Range measurement system setup depicted on figure 8.3-1.
[bookmark: _Toc32332382][bookmark: _Toc37430299][bookmark: _Toc43739402][bookmark: _Toc46347163][bookmark: _Toc53166102][bookmark: _Toc53166797][bookmark: _Toc53167491][bookmark: _Toc61130752][bookmark: _Toc61131478][bookmark: _Toc61188320][bookmark: _Toc83029610][bookmark: _Toc83920208][bookmark: _Toc89785229]11.3.3.2	Test procedure
[bookmark: _Toc32332383][bookmark: _Toc37430300][bookmark: _Toc43739403][bookmark: _Toc46347164][bookmark: _Toc53166103][bookmark: _Toc53166798][bookmark: _Toc53167492][bookmark: _Toc61130753][bookmark: _Toc61131479][bookmark: _Toc61188321][bookmark: _Toc83029611][bookmark: _Toc83920209][bookmark: _Toc89785230]11.3.3.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.
NOTE:	This stage may be omitted provided calibration stage has been performed already during output power measurement.
[bookmark: _Toc32332384][bookmark: _Toc37430301][bookmark: _Toc43739404][bookmark: _Toc46347165][bookmark: _Toc53166104][bookmark: _Toc53166799][bookmark: _Toc53167493][bookmark: _Toc61130754][bookmark: _Toc61131480][bookmark: _Toc61188322][bookmark: _Toc83029612][bookmark: _Toc83920210][bookmark: _Toc89785231]11.3.3.2.2	Stage 2: BS measurement
The CATR testing procedure consists of the following steps:
1)	Align BS with boresight of the range antenna.
2)	Configure carrier at a power level according to the manufacturer's declared rated output power and test configuration.
3)	Measure wanted and adjacent channel power for the frequency offsets both side of carrier frequency considering both polarizations of the range antenna. In multiple carrier case only offset frequencies below the lowest and above the offsets highest carrier frequency used shall be measured for ACLR; offsets in between carriers may be subject to CACLR.
4)	Repeat step 3 for additional points for all necessary points needed for full TRP for the wanted signal and adjacent channel emissions.
5)	Calculate ACLR or CACLR from the wanted signal TRP and the adjacent channel emissions TRP.
	The appropriate parameters in step 3 are:
	PR_desired, D: Measured mean power within the desired signal channel bandwidth for each carrier at the measurement equipment connector at D in figure 7.3.1-1.
	PR_emission, D: Measured mean emission power in the neighbouring channel bandwidth for each carrier at the measurement equipment connector at D in figure 7.3.1-1.
	Calculation of Powerd and Powere is done using following formulas:
	Powerd = PR_desired, D + LTX_cal, A→D
	Powere = PR_emission, D + LTX_cal, A→D
After calculation of TRP from power as shown in clause 6.3, calculate the OTA ACLR.
[bookmark: _Toc32332385][bookmark: _Toc37430302][bookmark: _Toc43739405][bookmark: _Toc46347166][bookmark: _Toc53166105][bookmark: _Toc53166800][bookmark: _Toc53167494][bookmark: _Toc61130755][bookmark: _Toc61131481][bookmark: _Toc61188323][bookmark: _Toc83029613][bookmark: _Toc83920211][bookmark: _Toc89785232]11.3.3.3	MU value derivation, FR1
Table 11.3.3.3-1 captures derivation of the expanded measurement uncertainty values for absolute OTA ACLR measurements in in Compact Antenna Test Range (Normal test conditions, FR1).
Table 11.3.3.3-2 captures derivation of the expanded measurement uncertainty values for relative OTA ACLR measurements in in Indoor Anechoic Chamber (Normal test conditions, FR1).
Table 11.3.3.3-1: CATR MU value derivation for the EIRP measurement of the absolute OTA ACLR, FR1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor based on
	ci
	Standard uncertainty ui (dB)

	
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz
	probability
	distribution shape
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz

	Stage 2: BS measurement

	A2-18a
	Misalignment and pointing error of BS (for TRP)
	0.30
	0.30
	0.30
	Rectangular
	1.73
	1
	0.17
	0.17
	0.17

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26
	0.26

	A2-2a
	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

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	A2-4a
	QZ ripple experienced by BS
	0.09
	0.09
	0.09
	Gaussian
	1.00
	1
	0.09
	0.09
	0.09

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25
	0.25

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.13
	0.20
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20
	0.20

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.13
	0.33
	0.33
	U-shaped
	1.41
	1
	0.09
	0.23
	0.23

	A2-6
	Insertion loss of receiver chain
	0.18
	0.18
	0.18
	Rectangular
	1.73
	1
	0.10
	0.10
	0.10

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	A2-7
	Influence of the calibration antenna feed cable
	0.02
	0.02
	0.02
	U-shaped
	1.41
	1
	0.02
	0.02
	0.02

	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.50
	0.43
	0.43
	Rectangular
	1.73
	1
	0.29
	0.25
	0.25

	A2-8
	Misalignment positioning system
	0.00
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	A2-18b
	Misalignment and pointing error of calibration antenna (for TRP)
	0.50
	0.50
	0.50
	Exp. normal
	2.00
	1
	0.25
	0.25
	0.25

	A2-9
	Rotary joints
	0.05
	0.05
	0.05
	U-shaped
	1.41
	1
	0.03
	0.03
	0.03

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.26
	0.26
	0.26
	Rectangular
	1.73
	1
	0.15
	0.15
	0.15

	Combined standard uncertainty (1σ) (dB)
	0.59
	0.67
	0.67

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.16
	1.31
	1.31

	TRP summation error
	0.75
	0.75
	0.75

	Total MU
	1.39
	1.51
	1.51



Table 11.3.3.3-2: CATR MU value derivation for the EIRP measurement of the relative OTA ACLR, FR1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor based
	ci
	Standard uncertainty ui (dB)

	
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz
	probability
	on distribution shape
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz

	Stage 2: BS measurement
	　

	A2-18a
	Misalignment and pointing error of BS (a) (for TRP)
	0.30
	0.30
	0.30
	Rectangular
	1.73
	1
	0.17
	0.17
	0.17

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26
	0.26

	A2-4a
	QZ ripple experienced by BS
	0.09
	0.09
	0.09
	Gaussian
	1.00
	1
	0.09
	0.09
	0.09

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25
	0.25

	Stage 1: Calibration measurement
	

	C1-3
	Uncertainty of the network analyzer
	0.13
	0.20
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20
	0.20

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.13
	0.33
	0.33
	U-shaped
	1.41
	1
	0.09
	0.23
	0.23

	A2-6
	Insertion loss of receiver chain
	0.18
	0.18
	0.18
	Rectangular
	1.73
	1
	0.10
	0.10
	0.10

	A2-11
	Switching uncertainty
	0.26
	0.26
	0.26
	Rectangular
	1.73
	1
	0.15
	0.15
	0.15

	Combined standard uncertainty (1σ) (dB)
	0.42
	0.54
	0.54

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	0.83
	1.06
	1.06

	TRP summation error
	0.75
	0.75
	0.75

	Total MU
	1.12
	1.30
	1.30



[bookmark: _Toc32332386][bookmark: _Toc37430303][bookmark: _Toc43739406][bookmark: _Toc46347167][bookmark: _Toc53166106][bookmark: _Toc53166801][bookmark: _Toc53167495][bookmark: _Toc61130756][bookmark: _Toc61131482][bookmark: _Toc61188324][bookmark: _Toc83029614][bookmark: _Toc83920212][bookmark: _Toc89785233]11.3.3.4	MU value derivation, FR2
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the spectrum analyzer may be needed.
Table 11.3.3.4-1 captures derivation of the expanded measurement uncertainty values for absolute OTA ACLR measurements in in Compact Antenna Test Range (Normal test conditions, FR2-1).
Table 11.3.3.4-2 captures derivation of the expanded measurement uncertainty values for relative OTA ACLR measurements in in Compact Antenna Test Range (Normal test conditions, FR2-1).
Table 11.3.3.4-3 captures derivation of the expanded measurement uncertainty values for absolute OTA ACLR measurements in in Compact Antenna Test Range (Normal test conditions, FR2-2).
Table 11.3.3.4-4 captures derivation of the expanded measurement uncertainty values for relative OTA ACLR measurements in in Compact Antenna Test Range (Normal test conditions, FR2-2).
For FR2-2, RF power measurement equipment uncertainty value includes mixer, spectrum analyzer for IF, and IF mismatch. Use of mixer which placed closer to receiver antenna to down convert signal into IF frequency is to reduce connection loss (by cable or waveguide) of test system which has very tight link budget for FR2-2.
Table 11.3.3.4-1: CATR MU value derivation for the EIRP measurement of the absolute OTA ACLR, FR2-1 
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz
	
	shape
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.20
	0.20
	Exp. normal
	2.00
	1
	0.10
	0.10

	C1-7
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - low power (UEM, absolute ACLR)
	0.90
	0.90
	Gaussian
	1.00
	1
	0.90
	0.90

	A2-2a
	Standing wave between BS and test range antenna
	0.03
	0.03
	U-shaped
	1.41
	1
	0.02
	0.02

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-4a
	QZ ripple experienced by BS
	0.40
	0.40
	Gaussian
	1.00
	1
	0.40
	0.40

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25

	Stage 1: Calibration measurement

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

	A2-5b
	Mismatch of receiver chain for low power
	0.72
	0.72
	U-shaped
	1.41
	1
	0.51
	0.51

	A2-6
	Insertion loss in receiver chain
	0.00
	0.00
	Rectangular
	1.73
	1
	0.00
	0.00

	C2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-7
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	1.41
	1
	0.15
	0.21

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

	A2-8
	Misalignment positioning system
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00

	A2-9
	Rotary joints
	0.00
	0.00
	U-shaped
	1.41
	1
	0.00
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)
	1.23
	1.24

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.41
	2.43

	TRP summation error
	1.20
	1.20

	Total MU
	2.69
	2.71



Table 11.3.3.4-2: CATR MU value derivation for the EIRP measurement of the relative OTA ACLR, FR2-1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz
	
	shape
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz

	Stage 2: BS measurement

	A2-1a
	Misalignment and pointing error of BS (for EIRP)
	0.20
	0.20
	Exp. normal
	2.00
	1
	0.10
	0.10

	C1-8
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - relative (ACLR)
	0.75
	0.90
	Gaussian
	1.00
	1
	0.75
	0.90

	A2-4a
	QZ ripple experienced by BS
	0.40
	0.40
	Gaussian
	1.00
	1
	0.40
	0.40

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25

	Stage 1: Calibration measurement

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

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.43
	0.57
	U-shaped
	1.41
	1
	0.30
	0.40

	A2-6
	Insertion loss in receiver chain
	0.00
	0.00
	Rectangular
	1.73
	1
	0.00
	0.00

	A2-11
	Switching uncertainty
	0.10
	0.10
	Rectangular
	1.73
	0
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)
	0.99
	1.14

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.94
	2.23

	TRP summation error
	1.20
	1.20

	Total MU
	2.28
	2.54



Table 11.3.3.4-3: CATR MU value derivation for the EIRP measurement of the absolute OTA ACLR, FR2-2 
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	52.6 < f
≤ 71 GHz
	
	shape
	
	52.6 < f
≤ 71 GHz

	Stage 2: BS measurement

	A2-18a
	Misalignment and pointing error of BS (for TRP)
	0.30

	Exp. normal
	2.00
	1
	0.15


	C1-7
	RF power measurement equipment (e.g. spectrum analyser, power meter, mixer) – low power (UEM, absolute ACLR) 
	2.00

	Gaussian
	1.00
	1
	2.00


	A2-19
	Uncertainty of the LNA (FR2 only)
	0.34
	Gaussian
	1.00
	1
	0.34


	A2-2a
	Standing wave between BS and test range antenna
	0.21

	U-shaped
	1.41
	1
	0.15


	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00

	Gaussian
	1.00
	1
	0.00


	A2-4a
	QZ ripple experienced by BS
	0.40

	Gaussian
	1.00
	1
	0.40


	A2-12
	Frequency flatness of test system
	0.25

	Gaussian
	1.00
	1
	0.25


	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.85

	Gaussian
	1.00
	1
	0.85


	A2-5b
	Mismatch of receiver chain for low power
	0.72

	U-shaped
	1.41
	1
	0.51


	A2-6
	Insertion loss in receiver chain
	0.17

	Rectangular
	1.73
	1
	0.10


	C2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01

	Gaussian
	1.00
	1
	0.01


	A2-7
	Influence of the calibration antenna feed cable
	0.29

	U-shaped
	1.41
	1
	0.21


	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.52

	Rectangular
	1.73
	1
	0.30


	A2-8
	Misalignment positioning system
	0.00

	Exp. Normal
	2.00
	1
	0.00


	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00

	Exp. Normal
	2.00
	1
	0.00


	A2-9
	Rotary joints
	0.00

	U-shaped
	1.41
	1
	0.00


	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09

	U-shaped
	1.41
	1
	0.06


	A2-4b
	QZ ripple experienced by calibration antenna
	0.01

	Gaussian
	1.00
	1
	0.01


	A2-11
	Switching uncertainty
	0.43

	Rectangular
	1.73
	1
	0.25


	Combined standard uncertainty (1σ) (dB)
	2.36

	Expanded uncertainty (1.96σ – confidence interval of 95 %) (dB)
	4.63

	TRP summation error
	1.20

	Total MU
	4.78



Table 11.3.3.4-4: CATR MU value derivation for the EIRP measurement of the relative OTA ACLR, FR2-2
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	52.6 < f
≤ 71 GHz
	
	shape
	
	52.6 < f
≤ 71 GHz

	Stage 2: BS measurement

	A2-18a
	Misalignment and pointing error of BS (for TRP)
	0.30

	Exp. normal
	2.00
	1
	0.15


	C1-10
	RF power measurement equipment (power meter, power sensor) – high power (EIRP) 
	0.98

	Gaussian
	1.00
	1
	0.98


	A2-19
	Uncertainty of the LNA (FR2 only)
	0.34
	Gaussian
	1.00
	1
	0.34


	A2-4a
	QZ ripple experienced by BS
	0.40

	Gaussian
	1.00
	1
	0.40


	A2-12
	Frequency flatness of test system
	0.25

	Gaussian
	1.00
	1
	0.25


	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.85

	Gaussian
	1.00
	1
	0.85


	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.57

	U-shaped
	1.41
	1
	0.40


	A2-6
	Insertion loss in receiver chain
	0.17

	Rectangular
	1.73
	1
	0.10


	A2-11
	Switching uncertainty
	0.43

	Rectangular
	1.73
	0
	0.25


	Combined standard uncertainty (1σ) (dB)
	1.51

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.96

	TRP summation error
	1.20

	Total MU
	3.19



<< Unchanged clauses skipped >>
[bookmark: _Toc32332406][bookmark: _Toc37430323][bookmark: _Toc43739426][bookmark: _Toc46347187][bookmark: _Toc53166126][bookmark: _Toc53166821][bookmark: _Toc53167515][bookmark: _Toc61130776][bookmark: _Toc61131502][bookmark: _Toc61188344][bookmark: _Toc83029634][bookmark: _Toc83920232][bookmark: _Toc89785253][bookmark: _Toc21086535][bookmark: _Toc29768984]11.3.7	Maximum accepted test system uncertainty
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA were adopted. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
For CATR the expanded MU is established as a root sum square combining of the dB values for the MU and the SE (see clause 6.3.6), the MU for absolute ACLR was decided to be 2.7 dB for the frequency range 24.25 < f < 29.5 GHz and 2.7 dB for the frequency range 37 < f < 43.5 GHz. The MU for relative ACLR was decided to be 2.3 dB for the frequency range 24.25 < f < 29.5 GHz and 2.6 dB for the frequency range 37 < f < 43.5 GHz.
Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test system uncertainty values was derived based on test system specific values.
According to the methodology referred above, the common maximum accepted test system uncertainty values for absolute and relative OTA ACLR tests can be derived from values captured in tables 11.3.7-1 to 11.3.7-4, derived based on the expanded uncertainty ue (1.96σ - confidence interval of 95 %) values. The common maximum accepted test system uncertainty values are applicable for all test methods addressing OTA ACLR test requirement.
Table 11.3.7-1: Test system specific MU values for the absolute OTA ACLR, Normal test conditions, FR1
	
	Expanded uncertainty ue (dB)

	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Indoor Anechoic Chamber
	1.15
	1.30
	1.30

	Compact Antenna Test Range
	1.39
	1.51
	1.51

	Near Field Test Range
	1.26
	1.33
	1.33

	Plane Wave Synthesizer 
	1.24
	1.40
	1.49

	Reverberation Chamber
	1.37
	1.46
	1.46

	Common maximum accepted test system uncertainty
	2.2
	2.7
	2.7



Table 11.3.7-2: Test system specific MU values for the relative OTA ACLR, Normal test conditions, FR1
	
	Expanded uncertainty ue (dB)

	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Indoor Anechoic Chamber
	-
	-
	-

	Compact Antenna Test Range
	1.12
	1.30
	1.30

	Near Field Test Range
	-
	-
	-

	Plane Wave Synthesizer 
	1.02
	1.22
	1.29

	Reverberation Chamber
	1.37
	1.46
	1.46

	Common maximum accepted test system uncertainty
	1.0
	1.2
	1.2



Table 11.3.7-3: Test system specific MU values for the absolute OTA ACLR, Normal test conditions, FR2
	
	Expanded uncertainty ue (dB)

	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Indoor Anechoic Chamber
	
	
	-
	

	Compact Antenna Test Range
	2.69
	2.71
	-
	4.78

	Near Field Test Range
	
	
	-
	

	Reverberation Chamber
	2.36
	2.36
	-
	4.50

	Plane Wave Synthesizer
	
	
	-
	

	Common maximum accepted test system uncertainty
	2.7
	2.7
	2.9
	4.8



Table 11.3.7-4: Test system specific MU values for the relative OTA ACLR, Normal test conditions, FR2
	
	Expanded uncertainty ue (dB)
	

	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Indoor Anechoic Chamber
	-
	-
	-
	

	Compact Antenna Test Range
	2.28
	2.54
	-
	3.19

	Near Field Test Range
	-
	-
	-
	

	Reverberation Chamber
	2.15
	2.36
	-
	5.13

	Plane Wave Synthesizer
	-
	-
	-
	

	Common maximum accepted test system uncertainty
	2.3
	2.6
	2.8 (NOTE)
	5.1

	NOTE:	MU estimation for 43.5 < f < 48.2 GHz was derived based on the linear approximation (based on MU values for lower frequency ranges). MU extrapolation approach was used instead of the typical derivation of the Expanded MU based on the MU budget calculations, as in case of lower frequency ranges.



For relative ACLR, the MU value was agreed to be 1.0 dB for 0 – 3 GHz bands and 1.2 dB for 3 – 6 GHz bands. The MU in 4.2 - 6 GHz is valid for BS designed to operate in licensed spectrum.
For absolute ACLR, the MU value was agreed to be 2.2 dB for 0 – 3 GHz bands and 2.7 dB for 3 – 6 GHz bands. The MU in 4.2 - 6 GHz is valid for BS designed to operate in licensed spectrum.
An overview of the MU values for all the requirements is captured in clause 17.
[bookmark: _Toc32332407][bookmark: _Toc37430324][bookmark: _Toc43739427][bookmark: _Toc46347188][bookmark: _Toc53166127][bookmark: _Toc53166822][bookmark: _Toc53167516][bookmark: _Toc61130777][bookmark: _Toc61131503][bookmark: _Toc61188345][bookmark: _Toc83029635][bookmark: _Toc83920233][bookmark: _Toc89785254]11.3.8	Test Tolerance for OTA ACLR
Considering the methodology described in clause 5.1, Test Tolerance values for OTA ACLR were derived based on values captured in clause 11.3.7.
For FR1:
-	For relative ACLR, the TT was agreed to be the same as the MU.
-	For absolute ACLR, the TT was agreed to be 0 dB.
For FR2: The TT was agreed to be the same as the MU.
Frequency range specific Test Tolerance values for the OTA ACLR test are defined in tables 11.3.8-1 to 11.3.8-4.
Table 11.3.8-1: Test Tolerance values for the absolute OTA ACLR, Normal test conditions, FR1
	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Test Tolerance (dB)
	0
	0
	0



Table 11.3.8-2: Test Tolerance values for the relative OTA ACLR, Normal test conditions, FR1
	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Test Tolerance (dB)
	1.0
	1.2
	1.2



Table 11.3.8-3: Test Tolerance values for the absolute OTA ACLR, Normal test conditions, FR2
	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Test Tolerance (dB)
	2.7
	2.7
	2.9
	4.8



Table 11.3.8-4: Test Tolerance values for the relative OTA ACLR, Normal test conditions, FR2
	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Test Tolerance (dB)
	2.3
	2.6
	2.8
	5.1



An overview of the TT values for all the requirements is captured in clause 18.

<< Unchanged clauses skipped >>
[bookmark: _Toc32332416][bookmark: _Toc37430333][bookmark: _Toc43739436][bookmark: _Toc46347197][bookmark: _Toc53166136][bookmark: _Toc53166831][bookmark: _Toc53167525][bookmark: _Toc61130786][bookmark: _Toc61131512][bookmark: _Toc61188354][bookmark: _Toc83029644][bookmark: _Toc83920242][bookmark: _Toc89785263][bookmark: _Toc32332417][bookmark: _Toc37430334][bookmark: _Toc43739437][bookmark: _Toc46347198][bookmark: _Toc53166137][bookmark: _Toc53166832][bookmark: _Toc53167526]11.4.3	Compact Antenna Test Range
[bookmark: _Toc61130787][bookmark: _Toc61131513][bookmark: _Toc61188355][bookmark: _Toc83029645][bookmark: _Toc83920243][bookmark: _Toc89785264]11.4.3.1	Measurement system description
Measurement system description is captured in clause 7.3.1, with the Compact Antenna Test Range measurement system setup depicted on figure 8.3-1.
[bookmark: _Toc32332418][bookmark: _Toc37430335][bookmark: _Toc43739438][bookmark: _Toc46347199][bookmark: _Toc53166138][bookmark: _Toc53166833][bookmark: _Toc53167527][bookmark: _Toc61130788][bookmark: _Toc61131514][bookmark: _Toc61188356][bookmark: _Toc83029646][bookmark: _Toc83920244][bookmark: _Toc89785265]11.4.3.2	Test procedure
[bookmark: _Toc32332419][bookmark: _Toc37430336][bookmark: _Toc43739439][bookmark: _Toc46347200][bookmark: _Toc53166139][bookmark: _Toc53166834][bookmark: _Toc53167528][bookmark: _Toc61130789][bookmark: _Toc61131515][bookmark: _Toc61188357][bookmark: _Toc83029647][bookmark: _Toc83920245][bookmark: _Toc89785266]11.4.3.2.1	Stage 1: Calibration
Calibration should be carried out using the same procedure as in 8.3.
Calibration shall be performed individually for each frequency at which unwanted emissions are measured. This may involve calibration measurement or interpolation between calibration points.
NOTE:	This stage may be omitted provided calibration stage has been performed already during BS output power measurement.
[bookmark: _Toc61130790][bookmark: _Toc61131516][bookmark: _Toc61188358][bookmark: _Toc83029648][bookmark: _Toc83920246][bookmark: _Toc89785267]11.4.3.2.2	Stage 2: BS measurement
Reference CATR procedure in clause 11.2.3.2.2 (i.e. the same procedure as for OTA BS output power).
The appropriate parameters in step 4 is the mean power for OBUE or SEM test for each carrier arriving at the measurement equipment connector B (figure 7.3.1-1), denoted by PR_OBUE_B or PR_SEM_B, and calculation of powere is done using following formulas:
	powere = PR_OBUE_B + LTX_cal, A→B
	powere = PR_SEM_B + LTX_cal, A→B
[bookmark: _Toc32332420][bookmark: _Toc37430337][bookmark: _Toc43739440][bookmark: _Toc46347201][bookmark: _Toc53166140][bookmark: _Toc53166835][bookmark: _Toc53167529][bookmark: _Toc61130791][bookmark: _Toc61131517][bookmark: _Toc61188359][bookmark: _Toc83029649][bookmark: _Toc83920247][bookmark: _Toc89785268]11.4.3.3	MU value derivation, FR1
Table 11.4.3.3-1 captures derivation of the expanded measurement uncertainty values for OTA OBUE or OTA SEM measurements in CATR (Normal test conditions, FR1).
[bookmark: _Hlk517360267]Table 11.4.3.3-1: CATR MU value derivation for OTA OBUE or OTA SEM measurement, FR1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor based on
	ci
	Standard uncertainty ui (dB)

	
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz
	probability
	distribution shape
	
	f ≤ 3 GHz
	3 < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz

	Stage 2: BS measurement
	

	A2-18a
	Misalignment and pointing error of BS (for TRP)
	0.30
	0.30
	0.30
	Rectangular
	1.73
	1
	0.17
	0.17
	0.17

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	0.26
	Gaussian
	1.00
	1
	0.14
	0.26
	0.26

	A2-2a
	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

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	A2-4a
	QZ ripple experienced by BS
	0.09
	0.09
	0.09
	Gaussian
	1.00
	1
	0.09
	0.09
	0.09

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25
	0.25

	Stage 1: Calibration measurement
	

	C1-3
	Uncertainty of the network analyzer
	0.13
	0.20
	0.20
	Gaussian
	1.00
	1
	0.13
	0.20
	0.20

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.13
	0.33
	0.33
	U-shaped
	1.41
	1
	0.09
	0.23
	0.23

	A2-6
	Insertion loss of receiver chain
	0.18
	0.18
	0.18
	Rectangular
	1.73
	1
	0.10
	0.10
	0.10

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.00
	0.00
	Gaussian
	1.00
	1
	0.00
	0.00
	0.00

	A2-7
	Influence of the calibration antenna feed cable
	0.02
	0.02
	0.02
	U-shaped
	1.41
	1
	0.02
	0.02
	0.02

	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.50
	0.43
	0.43
	Rectangular
	1.73
	1
	0.29
	0.25
	0.25

	A2-8
	Misalignment positioning system
	0.00
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.50
	0.50
	0.50
	Exp. normal
	2.00
	1
	0.25
	0.25
	0.25

	A2-9
	Rotary joints
	0.05
	0.05
	0.05
	U-shaped
	1.41
	1
	0.03
	0.03
	0.03

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.26
	0.26
	0.26
	Rectangular
	1.73
	1
	0.15
	0.15
	0.15

	Combined standard uncertainty (1σ) (dB)
	0.59
	0.67
	0.67

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.16
	1.31
	1.31

	TRP summation error
	0.75
	0.75
	0.75

	Total MU
	1.39
	1.51
	1.51



[bookmark: _Toc32332421][bookmark: _Toc37430338][bookmark: _Toc43739441][bookmark: _Toc46347202][bookmark: _Toc53166141][bookmark: _Toc53166836][bookmark: _Toc53167530][bookmark: _Toc61130792][bookmark: _Toc61131518][bookmark: _Toc61188360][bookmark: _Toc83029650][bookmark: _Toc83920248][bookmark: _Toc89785269]11.4.3.4	MU value derivation, FR2
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the spectrum analyzer may be needed.
Table 11.4.3.4-1 and table 11.4.3.4-2 captures derivation of the expanded measurement uncertainty values for OTA OBUE measurements in CATR (Normal test conditions, FR2).
Table 11.4.3.4-1: CATR MU value derivation for OTA OBUE measurement, FR2-1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz
	
	shape
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz

	Stage 2: BS measurement

	A2-18a
	Misalignment and pointing error of BS (for TRP)
	0.30
	0.30
	Exp. normal
	2.00
	1
	0.15
	0.15

	C1-7
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - low power (UEM, absolute ACLR)
	0.90
	0.90
	Gaussian
	1.00
	1
	0.90
	0.90

	A2-2a
	Standing wave between BS and test range antenna
	0.03
	0.03
	U-shaped
	1.41
	1
	0.02
	0.02

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-4a
	QZ ripple experienced by BS
	0.40
	0.40
	Gaussian
	1.00
	1
	0.40
	0.40

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the Network Analyzer
	0.30
	0.30
	Gaussian
	1.00
	1
	0.30
	0.30

	A2-5b
	Mismatch of receiver chain for low power receiver
	0.72
	0.72
	U-shaped
	1.41
	1
	0.51
	0.51

	A2-6
	Insertion loss in receiver chain
	0.00
	0.00
	Rectangular
	1.73
	1
	0.00
	0.00

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-7
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	1.41
	1
	0.15
	0.21

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

	A2-8
	Misalignment positioning system
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00

	A2-9
	Rotary joints
	0.00
	0.00
	U-shaped
	1.41
	1
	0.00
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)
	1.23
	1.24

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.42
	2.44

	TRP summation error
	1.20
	1.20

	Total MU
	2.70
	2.72



Table 11.4.3.4-2: CATR MU value derivation for OTA OBUE measurement, FR2-2
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	52.6 < f
≤ 71 GHz
	
	shape
	
	52.6 < f
≤ 71 GHz

	Stage 2: BS measurement

	A2-18a
	Misalignment and pointing error of BS (for TRP)
	0.30

	Exp. normal
	2.00
	1
	0.15


	C1-7
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter, mixer) - low power (UEM, absolute ACLR)
	2.00

	Gaussian
	1.00
	1
	2.00


	A2-19
	Uncertaintu of the LNA (FR2 only)
	0.34
	Gaussian
	1.00
	1
	0.34

	A2-2a
	Standing wave between BS and test range antenna
	0.21

	U-shaped
	1.41
	1
	0.15


	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00

	Gaussian
	1.00
	1
	0.00


	A2-4a
	QZ ripple experienced by BS
	0.40

	Gaussian
	1.00
	1
	0.40


	A2-12
	Frequency flatness of test system
	0.25

	Gaussian
	1.00
	1
	0.25


	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the Network Analyzer
	0.85

	Gaussian
	1.00
	1
	0.85


	A2-5b
	Mismatch of receiver chain for low power receiver
	0.72

	U-shaped
	1.41
	1
	0.51


	A2-6
	Insertion loss in receiver chain
	0.17

	Rectangular
	1.73
	1
	0.10
.

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01

	Gaussian
	1.00
	1
	0.01


	A2-7
	Influence of the calibration antenna feed cable
	0.29

	U-shaped
	1.41
	1
	0.21


	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.52

	Rectangular
	1.73
	1
	0.30

	A2-8
	Misalignment positioning system
	0.00

	Exp. normal
	2.00
	1
	0.00


	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00

	Exp. normal
	2.00
	1
	0.00


	A2-9
	Rotary joints
	0.00

	U-shaped
	1.41
	1
	0.00


	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09

	U-shaped
	1.41
	1
	0.06


	A2-4b
	QZ ripple experienced by calibration antenna
	0.01

	Gaussian
	1.00
	1
	0.01


	A2-11
	Switching uncertainty
	0.43

	Rectangular
	1.73
	1
	0.25


	Combined standard uncertainty (1σ) (dB)
	2.36

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	4.63

	TRP summation error
	1.20

	Total MU
	4.78




<< Unchanged clauses skipped >>

[bookmark: _Toc32332441][bookmark: _Toc21086559][bookmark: _Toc29769013][bookmark: _Toc37430358][bookmark: _Toc43739461][bookmark: _Toc46347222][bookmark: _Toc53166161][bookmark: _Toc53166856][bookmark: _Toc53167550][bookmark: _Toc61130812][bookmark: _Toc61131538][bookmark: _Toc61188380][bookmark: _Toc83029670][bookmark: _Toc83920268][bookmark: _Toc89785289]11.4.7	Maximum accepted test system uncertainty
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA were adopted. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
Maximum test system uncertainties derivation methodology was described in clause 5.1. The maximum accepted test system uncertainty values was derived based on test system specific values.
According to the methodology referred above, the common maximum accepted test system uncertainty values for OTA OBUE or OTA SEM test can be derived from values captured in tables 11.4.7-1 and 11.4.7-2, derived based on the expanded uncertainty ue (1.96σ - confidence interval of 95 %) values. The common maximum accepted test system uncertainty values are applicable for all test methods addressing OTA OBUE or OTA SEM test requirement.
Table 11.4.7-1: Test system specific MU values for the OTA OBUE or OTA SEM measurement, FR1
	
	Expanded uncertainty ue (dB)

	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Indoor Anechoic Chamber
	1.15
	1.30
	1.30

	Compact Antenna Test Range
	1.39
	1.51
	1.51

	Near Field Test Range
	1.26
	1.33
	1.33

	Plane Wave Synthesizer
	1.24
	1.40
	1.49

	 Reverberation Chamber
	1.40
	1.46
	1.46

	Common maximum accepted test system uncertainty
	1.8
	2.0
	2.0



Table 11.4.7-2: Test system specific MU values for the OTA OBUE measurement, FR2
	
	Expanded uncertainty ue (dB)

	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Indoor Anechoic Chamber
	-
	-
	-
	

	Compact Antenna Test Range
	2.70
	2.72
	-
	4.78

	Near Field Test Range
	-
	-
	-
	

	Reverberation Chamber
	2.36
	2.36
	-
	4.50

	Plane Wave Synthesizer
	-
	-
	-
	

	Common maximum accepted test system uncertainty
	2.7
	2.7
	2.9
	4.8



The MU value was agreed to be 1.4 dB for up to 3 GHz bands and 1.5 dB for 3 – 6 GHz bands. The MU in 4.2-6 GHz is valid for BS designed to operate in licensed spectrum.
For CATR the expanded MU is established as a root sum square combining of the dB values for the MU and the SE (see clause 6.3.6), the MU was decided to be 2.7 dB for the frequency range 24.25 < f < 29.5 GHz and 2.7 dB for the frequency range 37 < f < 43.5 GHz.
[bookmark: _Toc32332442][bookmark: _Toc37430359][bookmark: _Toc43739462][bookmark: _Toc46347223]An overview of the MU values for all the requirements is captured in clause 17.
[bookmark: _Toc53166162][bookmark: _Toc53166857][bookmark: _Toc53167551][bookmark: _Toc61130813][bookmark: _Toc61131539][bookmark: _Toc61188381][bookmark: _Toc83029671][bookmark: _Toc83920269][bookmark: _Toc89785290]11.4.8	Test Tolerance for OTA OBUE and OTA SEM
Considering the methodology described in clause 5.1, Test Tolerance values for OTA OBUE and OTA SEM were derived based on values captured in clause 11.4.7.
NOTE:	For OTA SEM, TT values up to 4.2 GHz apply.
FR1: The TT value was agreed to be the same as the MU value for 0 - 10 MHz from the carrier and 0 dB for >10 MHz from the carrier.
FR2: The TT value was agreed to be the same as the MU (i.e. 2.7 dB) for 0 - 10% of the BS channel bandwidth away from the carrier, and 0 dB for >10% of BS channel bandwidth from the carrier.
Frequency range specific Test Tolerance values for the OTA OBUE and OTA SEM test in FR1 are defined in table 11.4.8-1.
Frequency range specific Test Tolerance values for the OTA OBUE test in FR2 are defined in table 11.4.8-2.
Table 11.4.8-1: Test Tolerance values for the OTA OBUE and OTA SEM, Normal test conditions, FR1
	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 GHz < f ≤ 6 GHz

	Test Tolerance (dB)
	1.8
	2.0
	2.0


.
Table 11.4.8-2: Test Tolerance values for the OTA OBUE, Normal test conditions, FR2
	
	24.25 < f < 29.5 GHz
	37 < f < 43.5 GHz
	43.5 < f < 48.2 GHz
	52.6 < f < 71 GHz

	Test Tolerance (dB)
	2.7
	2.7
	2.9
	4.8



An overview of the TT values for all the requirements is captured in clause 18.

<< Unchanged clauses skipped >>
[bookmark: _Toc32332487][bookmark: _Toc37430371][bookmark: _Toc43739474][bookmark: _Toc46347235][bookmark: _Toc53166174][bookmark: _Toc53166869][bookmark: _Toc53167563][bookmark: _Toc61130825][bookmark: _Toc61131551][bookmark: _Toc61188393][bookmark: _Toc83029683][bookmark: _Toc83920281][bookmark: _Toc89785302][bookmark: _Toc21086602][bookmark: _Toc29769061]12.2.3	Compact Antenna Test Range
[bookmark: _Toc32332488][bookmark: _Toc37430372][bookmark: _Toc43739475][bookmark: _Toc46347236][bookmark: _Toc53166175][bookmark: _Toc53166870][bookmark: _Toc53167564][bookmark: _Toc61130826][bookmark: _Toc61131552][bookmark: _Toc61188394][bookmark: _Toc83029684][bookmark: _Toc83920282][bookmark: _Toc89785303][bookmark: _Toc32332489][bookmark: _Toc37430373][bookmark: _Toc43739476][bookmark: _Toc46347237][bookmark: _Toc53166176][bookmark: _Toc53166871][bookmark: _Toc53167565]12.2.3.1	Measurement system description
[bookmark: _Toc61130827][bookmark: _Toc61131553][bookmark: _Toc61188395][bookmark: _Toc83029685][bookmark: _Toc83920283][bookmark: _Toc89785304]12.2.3.2	Test procedure
[bookmark: _Toc32332490][bookmark: _Toc37430374][bookmark: _Toc43739477][bookmark: _Toc46347238][bookmark: _Toc53166177][bookmark: _Toc53166872][bookmark: _Toc53167566][bookmark: _Toc61130828][bookmark: _Toc61131554][bookmark: _Toc61188396][bookmark: _Toc83029686][bookmark: _Toc83920284][bookmark: _Toc89785305]12.2.3.2.1	Stage 1: Calibration
[bookmark: _Toc32332491][bookmark: _Toc37430375][bookmark: _Toc43739478][bookmark: _Toc46347239][bookmark: _Toc53166178][bookmark: _Toc53166873][bookmark: _Toc53167567]Calibration procedure for the Compact Antenna Test Range is captured in clause 8.3.
[bookmark: _Toc61130829][bookmark: _Toc61131555][bookmark: _Toc61188397][bookmark: _Toc83029687][bookmark: _Toc83920285][bookmark: _Toc89785306]12.2.3.2.2	Stage 2: BS measurement
[bookmark: _Toc32332492][bookmark: _Toc37430376][bookmark: _Toc43739479][bookmark: _Toc46347240][bookmark: _Toc53166179][bookmark: _Toc53166874][bookmark: _Toc53167568]Reference CATR procedure in clause 11.2.3.2.2 (i.e. OTA BS output power in CATR).
The appropriate parameters in step 4 is the mean power of spurious emissions test over the measurement BW described in the test requirement.
[bookmark: _Toc61130830][bookmark: _Toc61131556][bookmark: _Toc61188398][bookmark: _Toc83029688][bookmark: _Toc83920286][bookmark: _Toc89785307]12.2.3.3	MU value derivation, FR2
Table 12.2.3.3-1 and table 12.2.3.3-2 captures derivation of the expanded measurement uncertainty values for OTA TX spurious emissions measurements in CATR (Normal test conditions, FR2).

Table 12.2.3.3-1: CATR value derivation for TX spurious emissions, FR2-1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)

	
	
	43.5 GHz< f ≤ 60 GHz
	
	
	
	43.5 GHz< f ≤ 60 GHz

	Stage 2: BS measurement

	A2-18a
	Misalignment and pointing error of BS (for TRP)
	0.30
	Exp. normal
	2.00
	1
	0.15

	C1-7
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - low power (UEM, absolute ACLR)
	0.60
	Gaussian
	1.00
	1
	0.60

	A2-19
	Uncertainty of the LNA (FR2 only)
	0.00
	Gaussian
	1.00
	1
	0.00

	A2-20
	Uncertainty of the mixer (FR2 only)
	2.25
	Gaussian
	1.00
	1
	2.25

	A2-2a
	Standing wave between BS and test range antenna
	0.21
	Gaussian
	1.00
	1
	0.21

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	Gaussian
	1.00
	1
	0.00

	A2-4a
	QZ ripple experienced by BS
	0.09
	Gaussian
	1.00
	1
	0.09

	A2-12
	Frequency flatness of test system
	0.25
	Gaussian
	1.00
	1
	0.25

	A2-10
	Miscellaneous uncertainty
	0.00
	Rectangular
	1.73
	1
	0.00

	Stage 1: Calibration measurement

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

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.57
	U-shaped
	1.41
	1
	0.40

	A2-5b
	Mismatch of receiver chain for low power receiver
	0.00
	U-shaped
	1.41
	1
	0.00

	A2-6
	Insertion loss of receiver chain
	0.18
	Rectangular
	1.73
	1
	0.10

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	Gaussian
	1.00
	1
	0.00

	A2-7
	Influence of the calibration antenna feed cable
	0.29
	U-shaped
	1.41
	1
	0.21

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

	A2-8
	Misalignment positioning system
	0.00
	Exp. normal
	2.00
	1
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	Exp. normal
	2.00
	1
	0.00

	A2-9
	Rotary joints
	0.00
	U-shaped
	1.41
	1
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	U-shaped
	1.41
	1
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	Gaussian
	1.00
	1
	0.01

	A2-11
	Switching uncertainty
	0.43
	Rectangular
	1.73
	1
	0.25

	Combined standard uncertainty (1σ) (dB)
	2.45

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	4.81

	TRP summation error
	1.20

	Total MU
	4.96



Table 12.2.3.3-2: CATR value derivation for TX spurious emissions, FR2-2
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)

	
	
	60 
< f ≤ 71
 GHz
	71 
< f ≤ 110 GHz
	110 
< f ≤ 142 GHz
	
	
	
	60 
< f ≤ 71 
GHz
	71 
< f ≤ 110 GHz
	110 
< f ≤ 142 
GHz

	
	
	Stage 2: BS measurement

	A2-18a
	Misalignment and pointing error of BS (for TRP)
	0.30
	0.30
	0.30
	Exp. normal
	2.00
	1
	0.15
	0.15

	0.15

	C1-7
	RF power measurement equipment (e.g. spectrum analyser, power meter, mixer) – low power (UEM, absolute ACLR) 
	0.60
	2.00
	2.30
	Gaussian
	1.00
	1
	2.00
	2.00

	2.30


	A2-19
	Uncertainty of the LNA (FR2 only)
	0.00
	0.51
	0.51
	Gaussian
	1.00
	1
	0.51
	0.51

	0.51


	A2-2a
	Standing wave between BS and test range antenna
	0.21
	0.21
	0.21
	Gaussian
	1.00
	1
	0.21
	0.21
	0.21

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	0.01
	0.01
	Gaussian
	1.00
	1
	0.00
	0.01
	0.01

	A2-4a
	QZ ripple experienced by BS
	0.09
	0.40
	0.40
	Gaussian
	1.00
	1
	0.09
	0.40
	0.40

	A2-12
	Frequency flatness of test system
	0.25
	0.25
	0.25
	Gaussian
	1.00
	1
	0.25
	0.25
	0.25

	A2-10
	Miscellaneous uncertainty
	0.00
	0.00
	0.00
	Rectangular
	1.73
	1
	0.00
	0.00
	0.00

	
	
	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.30
	0.80
	1.00
	Gaussian
	1.00
	1
	0.80
	0.80
	1.00

	A2-5a
	Mismatch of receiver chain between receiving antenna and measurement receiver
	0.57
	0.40
	0.51
	U-shaped
	1.41
	1
	0.40
	0.40
	0.40

	A2-6
	Insertion loss of receiver chain
	0.18
	0.18
	0.18
	Rectangular
	1.73
	1
	0.10
	0.10
	0.10

	A2-3
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.00
	0.01
	0.01
	Gaussian
	1.00
	1
	0.00
	0.01
	0.01

	A2-7
	Influence of the calibration antenna feed cable
	0.29
	0.29
	0.29
	U-shaped
	1.41
	1
	0.21
	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

	A2-8
	Misalignment positioning system
	0.00
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	A2-1b
	Misalignment and pointing error of calibration antenna (for EIRP)
	0.00
	0.00
	0.00
	Exp. normal
	2.00
	1
	0.00
	0.00
	0.00

	A2-9
	Rotary joints
	0.00
	0.00
	0.00
	U-shaped
	1.41
	1
	0.00
	0.00
	0.00

	A2-2b
	Standing wave between calibration antenna and test range antenna
	0.09
	0.09
	0.09
	U-shaped
	1.41
	1
	0.06
	0.06
	0.06

	A2-4b
	QZ ripple experienced by calibration antenna
	0.01
	0.01
	0.01
	Gaussian
	1.00
	1
	0.01
	0.01
	0.01

	A2-11
	Switching uncertainty
	0.43
	0.43
	0.43
	Rectangular
	1.73
	1
	0.25
	0.25
	0.25

	
	Combined standard uncertainty (1σ) (dB)
	2.33
	2.36
	2.69

	
	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	4.56
	4.62
	5.26

	
	TRP summation error
	1.20
	1.20
	1.20

	
	Total MU
	4.71
	4.77
	5.40



<< Unchanged clauses skipped >>
[bookmark: _Toc32332499][bookmark: _Toc21086611][bookmark: _Toc29769070][bookmark: _Toc37430383][bookmark: _Toc43739486][bookmark: _Toc46347247][bookmark: _Toc53166186][bookmark: _Toc53166881][bookmark: _Toc53167575][bookmark: _Toc61130837][bookmark: _Toc61131563][bookmark: _Toc61188405][bookmark: _Toc83029695][bookmark: _Toc83920293][bookmark: _Toc89785314]12.2.5	Maximum accepted test system uncertainty
Considering the methodology described in clause 5.1, maximum accepted test system uncertainty values for OTA transmitter spurious emissions were derived based on values captured in clauses 12.2.1 to 12.2.4.
Frequency range specific Test Tolerance values for the OTA TX spurious emissions test are defined in tables 12.2.5-1 and 12.2.5-2.
Hence, we have the following MU values for the whole spurious emissions range (for FR1 and FR2 cases):
Table 12.2.5-1: Spurious emissions MU values – FR1
	　
	Expanded uncertainty (dB)

	
	30 MHz< f ≤ 6 GHz
	6 GHz< f ≤ 19 GHz
	19 GHz< f ≤ 26 GHz

	General Directional Chamber
	2.29
	4.14
	4.14

	Reverberation Chamber
	3.29
	3.38
	3.38

	Common maximum accepted test system uncertainty
	2.30
	4.20
	4.20



For FR2-1 only the frequency range 43.5 GHz < f ≤ 60 GHz has been considered in this clause, the other frequency ranges are common with existing FR1 and FR2 in-band TRP emissions measurements:
-	30 MHz < f ≤ 6 GHz: the MU values are the same as for FR1,
-	6 GHz < f ≤ 43.5 GHz: the MU values are the same as the in-band TRP emission measurements in clause 11.2.
Table 12.2.5-2: Spurious emissions MU values – FR2-1
	　
	Expanded uncertainty (dB)

	
	30 MHz< f ≤ 6 GHz
	6 GHz< f 43.5 GHz
	43.5 GHz< f ≤ 60 GHz

	General Directional Chamber
	x
	x
	4.94

	Compact Antenna Test Range
	x
	x
	4.96

	Reverberation Chamber
	x
	x
	3.53

	Common maximum accepted test system uncertainty
	2.5
	2.7
	5



Table 12.2.5-3: Spurious emissions MU values – FR2-2
	　
	Expanded uncertainty (dB)

	
	60 GHz < f ≤ 71 GHz
	71 GHz < f ≤ 110 GHz
	110 GHz < f ≤ 142 GHz

	Compact Antenna Test Range
	4.71
	4.77
	5.40

	Reverberation Chamber
	X
	5.34
	5.91

	Common maximum accepted test system uncertainty
	4.7
	5.3
	5.9



For FR2-2, common maximum MU value is 4.5 for frequency range from 60 GHz to 71 GHz, 5.3 for frequency range from 71 GHz to 110 GHz and 5.9 for frequency range from 110 GHz to 142 GHz.
<< Unchanged clauses skipped >>
17	Measurement Uncertainty values summary
Table 17-1: TX Measurement Uncertainty values derivation – FR1
	Requirement
	Maximum OTA Test System uncertainty
	Clause

	Radiated transmit power
	Normal condition:
±1.1 dB, f ≤ 3 GHz
±1.3 dB, 3 GHz < f ≤ 6 GHz
	9.2.7

	
	Extreme condition:
±2.5 dB, f ≤ 3 GHz
±2.6 dB, 3 GHz < f ≤ 6 GHz
	9.3.4

	OTA base station output power
	±1.4 dB, f ≤ 3 GHz
±1.5 dB, 3 GHz < f ≤ 6 GHz
	11.2.7

	OTA E-UTRA DL RS power
	±1.3 dB, f ≤ 3 GHz
±1.5 dB, 3 GHz < f ≤ 6 GHz
	9.4.6

	OTA UTRA inner loop power control in the downlink
	±0.1 dB	
	9.5.6

	OTA UTRA power control dynamic range
	±1.1 dB	
	9.5.6

	OTA total power dynamic range
	±0.3 dB UTRA
±0.4 dB E-UTRA & NR
	9.5.6

	OTA UTRA IPDL time mask
	±0.7 dB
	9..5.6

	OTA RE power control dynamic range (NR)
	N/A
	

	OTA transmitter OFF power
	±3.4 dB, f ≤ 3 GHz
±3.6 dB, 3 GHz < f ≤ 6 GHz
(NOTE 1)
	13.2.3

	OTA transmitter transient period
	N/A
	

	OTA frequency error
	±12 Hz
	9.6.6

	OTA modulation quality
	±1 %
	9.7.6

	OTA time alignment error
	±25 ns
	9.8.5

	OTA occupied bandwidth
	±100 kHz, BWChannel 5 MHz, 10 MHz
±300 kHz, BWChannel from 15 MHzup to 50 MHz
±600 kHz, BWChannel from 60 MHz up to 100 MHz 
	9.9.6

	OTA ACLR/CACLR
	f ≤ 3 GHz: ±1 dB
3 GHz < f ≤ 6 GHz: ±1.2 dB

Absolute power ±2.2 dB, f ≤ 3 GHz
Absolute power ±2.7 dB, 3 GHz < f ≤ 6 GHz
	11.3.7

	OTA operating band unwanted emissions (E-UTRA, NR)
	Absolute power ±1.8 dB, f ≤ 3 GHz
Absolute power ±2 dB, 3 GHz < f ≤ 6 GHz
	11.4.7

	OTA SEM (UTRA only)
	Absolute power ±1.8 dB, f ≤ 3 GHz
Absolute power ±2 dB, 3 GHz < f ≤ 6 GHz
	11.4.7

	OTA transmitter spurious emissions, mandatory requirements
	±2.3 dB, 30 MHz < f ≤ 6 GHz
±4.2 dB, 6 GHz < f ≤ 26 GHz
	12.2.5

	OTA transmitter spurious emissions, protection of BS receiver
	±3.1 dB, f ≤ 3 GHz
±3.3 dB, 3 GHz < f ≤ 4.2 GHz
±3.4 dB, 4.2 GHz < f ≤ 6 GHz
(NOTE 1)
	13.3.3

	OTA transmitter spurious emissions, additional spurious emissions requirements
	±2.6 dB, f ≤ 3 GHz
±3.0 dB, 3 GHz < f ≤ 4.2 GHz
±3.5 dB, 4.2 GHz < f ≤ 6 GHz
	12.4.3

	OTA transmitter spurious emissions, co-location
	±3.1 dB, f ≤ 3 GHz
±3.3 dB, 3 GHz < f ≤ 4.2 GHz
±3.4 dB, 4.2 GHz < f ≤ 6 GHz
(NOTE 1)
	13.3.3

	OTA transmitter intermodulation
	The value below applies only to the interfering signal and is unrelated to the measurement uncertainty of the tests (11.3 for ACLR, 11.4 for OBUE and 12.2 for TX spurious emissions) which have to be carried out in the presence of the interferer.
±3.2 dB, f ≤ 3 GHz
±3.4 dB, 3 GHz < f ≤ 4.2 GHz
±3.5 dB, 4.2 GHz < f ≤ 6 GHz
(NOTE 1)
	13.4.3

	NOTE 1:	Fulfilling the criteria for CLTA selection and placement in clause 6.4 is deemed sufficient for the test purposes. When these criteria are met, the measurement uncertainty related to the selection of the co-location test antenna and its alignment as specified in the appropriate measurement uncertainty budgets in this TR shall be used for evaluating the test system uncertainty.
NOTE 2:	Test system uncertainty values are applicable for normal condition unless otherwise stated.



Table 17-2: Tx Measurement Uncertainty values derivation – FR2-1
	Requirement
	Maximum OTA Test System uncertainty
	Clause

	Radiated transmit power
	Normal condition:
±1.7 dB (24.25 – 29.5 GHz)
±2.0 dB (37 – 43.5 GHz)
±2.2 dB (43.5 – 48.2 GHz)
	9.2.7

	
	Extreme condition:
±3.1 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz) 
±3.5 dB (43.5  – 48.2 GHz)
	9.3.4

	OTA base station output power
	±2.1 dB (24.25 – 29.5 GHz)
±2.4 dB (37 – 43.5 GHz) 
±2.6 dB (43.5  – 48.2 GHz)
	11.2.7

	OTA RE power control dynamic range
	N/A
	

	OTA total power dynamic range 
	±0.4 dB
	9.5.6

	OTA transmitter OFF power
	±2.9 dB (24.25 – 29.5 GHz)
±3.3 dB (37 – 43.5 GHz) 
±3.6 dB (43.5  – 48.2 GHz)
	9.10.3

	OTA transmitter transient period
	N/A
	

	OTA frequency error
	±12 Hz
	9.6.6

	OTA modulation quality
	1%
	9.7.6

	OTA time alignment error
	±25 ns
	9.8.5

	OTA occupied bandwidth
	600 kHz
	9.9.6

	OTA ACLR
	Relative ACLR:
±2.3 dB (24.25 – 29.5 GHz)
±2.6 dB (37 – 43.5 GHz) 
±2.8 dB (43.5 – 48.2 GHz)

Absolute ACLR:
±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz) 
±2.9 dB (43.5  – 48.2 GHz)
	11.3.7

	OTA operating band unwanted emissions
	±2.7 dB (24.25 – 29.5 GHz)
±2.7 dB (37 – 43.5 GHz) 
±2.9 dB (43.5  – 48.2 GHz)
	11.4.7

	OTA transmitter spurious emissions, mandatory requirements
	±2.3 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 43.5 GHz
±5.0 dB, 43.5 GHz < f ≤ 60 GHz
	12.2.5

	OTA transmitter spurious emissions, additional requirements
	±2.3 dB, 30  MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 43.5 GHz
±5.0 dB, 43.5 GHz < f ≤ 60 GHz
	12.2.5

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



Table 17-2a: Tx Measurement Uncertainty values derivation – FR2-2
	Requirement
	Maximum OTA Test System uncertainty
	Clause

	Radiated transmit power
	Normal condition:
±3.0 dB
	9.2.7

	
	Extreme condition:
±3.9 dB 
	9.3.4

	OTA base station output power
	±3.2 dB
	11.2.7

	OTA RE power control dynamic range
	N/A
	

	OTA total power dynamic range 
	±0.4 dB
	9.5.6

	OTA transmitter OFF power
	±5.6 dB 
	9.10.3

	OTA transmitter transient period
	N/A
	

	OTA frequency error
	±12 Hz
	9.6.6

	OTA modulation quality
	1.1%
	9.7.6

	OTA time alignment error
	±25 ns
	9.8.5

	OTA occupied bandwidth
	600 kHz
	9.9.6

	OTA ACLR
	Relative ACLR:
±5.1 dB 

Absolute ACLR:
±4.8 dB 
	11.3.7

	OTA operating band unwanted emissions
	±4.8 dB 

	11.4.7

	OTA transmitter spurious emissions, mandatory requirements
	±2.3 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 43.5 GHz
±5.0 dB, 43.5 GHz < f ≤ 60 GHz
±4.5 dB, 60 GHz ≤ f ≤ 71 GHz
±5.3 dB, 71 GHz < f ≤ 110 GHz
±5.9 dB, 110 GHz < f ≤ 142 GHz
	12.2.5

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



Table 17-3: RX Measurement Uncertainty values derivation – FR1
	Requirement
	Maximum OTA Test System uncertainty
	Clause

	OTA sensitivity
	±1.3 dB, f ≤ 3 GHz
±1.4 dB, 3 GHz < f ≤ 4.2 GHz
±1.6 dB, 4.2 GHz < f ≤ 6 GHz
	10.2.7

	OTA reference sensitivity level
	±1.3 dB, f ≤ 3 GHz
±1.4 dB, 3 GHz < f ≤ 4.2 GHz
±1.6 dB, 4.2 GHz < f ≤ 6 GHz
	10.3

	OTA dynamic range 
	±0.3 dB
	10.4.4

	OTA adjacent channel selectivity
	±1.7 dB, f ≤ 3 GHz
±2.1 dB, 3 GHz < f ≤ 4.2 GHz
±2.4 dB, 4.2 GHz < f ≤ 6 GHz
	10.5.4

	In-band blocking (General)
	±1.9 dB, f ≤ 3 GHz
±2.2 dB, 3 GHz < f ≤ 4.2 GHz
±2.5 dB, 4.2 GHz < f ≤ 6 GHz
	10.5.4

	In-band blocking (Narrowband)
	±1.7 dB, f ≤ 3 GHz
±2.1 dB, 3 GHz < f ≤ 4.2 GHz
±2.4 dB, 4.2 GHz < f ≤ 6 GHz
	10.5.4

	OTA out-of-band blocking (General)
	fwanted ≤ 3 GHz:
±2.0 dB, finterferer ≤ 3 GHz
±2.1 dB, 3 GHz < finterferer ≤ 6 GHz
±3.5 dB, 6 GHz < finterferer ≤ 12.75 GHz

3 GHz < fwanted ≤ 4.2 GHz:
±2.0 dB, finterferer ≤ 3 GHz
±2.1 dB, 3 GHz < finterferer ≤ 6 GHz
±3.6 dB, 6 GHz < finterferer ≤ 12.75 GHz

4.2 GHz < fwanted ≤ 6 GHz:
±2.2 dB, finterferer ≤ 3 GHz
±2.3 dB, 3 GHz < finterferer ≤ 6 GHz
±3.6 dB, 6 GHz < finterferer ≤ 12.75 GHz
	14.3

	OTA out-of-band blocking (Co-location)
(NOTE 1)
	fwanted ≤ 3 GHz:
±3.4 dB, finterferer ≤ 3 GHz
±3.5 dB, 3 GHz < finterferer ≤ 4.2 GHz
±3.7 dB, 4.2 GHz < finterferer ≤ 6 GHz

3 GHz < fwanted ≤ 4.2 GHz:
±3.5 dB, finterferer ≤ 3 GHz
±3.6 dB, 3 GHz < finterferer ≤ 4.2 GHz
±3.7 dB, 4.2 GHz < finterferer ≤ 6 GHz

4.2 GHz < fwanted ≤ 6 GHz:
±3.6 dB, finterferer ≤ 3 GHz
±3.7 dB, 3 GHz < finterferer ≤ 4.2 GHz
±3.8 dB, 4.2 GHz < finterferer ≤ 6 GHz
	13.5.4

	OTA receiver spurious emissions 
	±2.5 dB, 30 MHz ≤ f ≤ 6 GHz
±4.2 dB, 6 GHz < f ≤ 26 GHz
	12.3.3

	OTA receiver intermodulation
	±2.0 dB, f ≤ 3 GHz
±2.6 dB, 3 GHz < f ≤ 4.2 GHz
±3.2 dB, 4.2 GHz < f ≤ 6 GHz
	10.6.4

	OTA in-channel selectivity 
	±1.7 dB, f ≤ 3 GHz
±2.1 dB, 3 GHz < f ≤ 4.2 GHz
±2.4 dB, 4.2 GHz < f ≤ 6 GHz
	10.7.4

	NOTE 1:	Fulfilling the criteria for CLTA selection and placement in clause 6.4 is deemed sufficient for the test purposes. When these criteria are met, the measurement uncertainty related to the selection of the co-location test antenna and its alignment as specified in the appropriate measurement uncertainty budget in this TR shall be used for evaluating the test system uncertainty.
NOTE 2:	Test system uncertainty values are applicable for normal condition unless otherwise stated.



Table 17-4: RX Measurement Uncertainty values derivation – FR2-1
	Requirement
	Maximum OTA Test System uncertainty
	Clause

	OTA reference sensitivity level
	±2.4 dB, 24.25 GHz < f ≤ 29.5 GHz
±2.4 dB, 37 GHz < f ≤ 43.5 GHz
±3.5 dB, 43.5 GHz < f ≤ 48.2 GHz
	10.2.7

	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, 43.5 GHz < f ≤ 48.2 GHz
	10.5.4

	OTA 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, 43.5 GHz < f ≤ 48.2 GHz
	10.5.4

	OTA out-of-band blocking 
	±3.6 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.6 dB, 37 GHz < f ≤ 43.5 GHz
±4.5 dB, 43.5 GHz < f ≤ 48.2 GHz
	14.3

	OTA receiver spurious emissions 
	±2.5 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 43.5 GHz
±5.0 dB, 43.5 GHz < f ≤ 60 GHz
	12.3.3

	OTA receiver intermodulation
	±3.9 dB, 24.25 GHz < f ≤ 29.5 GHz
±3.9 dB, 37 GHz < f ≤ 43.5 GHz
±5.4 dB, 43.5 GHz < f ≤ 48.2 GHz
	10.6.4

	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, 43.5 GHz < f ≤ 48.2 GHz
	10.7.4

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



Table 17-4a: RX Measurement Uncertainty values derivation – FR2-2
	Requirement
	Maximum OTA Test System uncertainty
	Clause

	OTA reference sensitivity level
	±3.0 dB
	10.2.7

	OTA adjacent channel selectivity
	±4.0 dB

	10.5.4

	OTA in-band blocking (General)
	±4.0 dB
	10.5.4

	OTA out-of-band blocking 
	±4.0 dB
	14.3

	OTA receiver spurious emissions 
	±2.5 dB, 30 MHz ≤ f ≤ 6 GHz
±2.7 dB, 6 GHz < f ≤ 43.5 GHz
±5.0 dB, 43.5 GHz < f ≤ 60 GHz
±4.5 dB, 60 GHz ≤ f ≤ 71 GHz
±5.3 dB, 71 GHz < f ≤ 110 GHz
±5.9 dB, 110 GHz < f ≤ 142 GHz
	12.3.3

	OTA receiver intermodulation
	±4.5 dB
	10.6.4

	OTA in-channel selectivity 
	±4.0 dB
	10.7.4

	NOTE:	Test System uncertainty values are applicable for normal condition unless otherwise stated.
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Considering the methodology described in clause 5.1, Test Tolerance values for all the considered requirements are captured in this clause, based on the maximum accepted test system uncertainty values derived for each specific requirement. Frequency range specific Test Tolerance values are captured in table 18-1.
Table 18-1: Test Tolerance values derivation, TX FR1
	Requirement
	Test Tolerance
(TTOTA)
	Clause

	Radiated transmit power
	Normal condition:
±1.1 dB, f ≤ 3 GHz
±1.3 dB, 3 GHz < f ≤ 6 GHz
	9.2.8

	
	Extreme condition:
2.5 dB, f ≤ 3 GHz
2.6 dB, 3 GHz < f ≤ 6 GHz
	9.3.5

	OTA base station output power
	1.4 dB, f ≤ 3 GHz
1.5 dB, 3 GHz < f ≤ 6 GHz
	11.2.8

	OTA E-UTRA DL RS power
	1.3 dB, f ≤ 3 GHz
1.5 dB, 3 GHz < f ≤ 6 GHz
	9.4.7

	OTA UTRA inner loop power control in the downlink
	0.1 dB	
	9.5.7

	OTA UTRA power control dynamic range
	1.1 dB	
	9.5.7

	OTA total power dynamic range
	0.3 dB UTRA
0.4 dB E-UTRA & NR
	9.5.7

	OTA UTRA IPDL time mask
	0.7 dB
	9.5.7

	OTA RE power control dynamic range (NR)
	N/A
	

	OTA transmitter OFF power
	3.4 dB, f ≤ 3 GHz
3.6 dB, 3 GHz < f ≤ 6 GHz
(NOTE)
	13.2.4

	OTA transmitter transient period
	N/A
	

	OTA frequency error
	12 Hz
	9.6.7

	OTA modulation quality
	1 %
	9.7.7

	OTA time alignment error
	25 ns
	9.8.6

	OTA occupied bandwidth
	0 Hz
	9.9.7

	OTA ACLR/CACLR
	Relative:
1.0 dB, f ≤ 3 GHz
1.2 dB, 3 GHz < f ≤ 6 GHz

Absolute:
0 dB
	11.3.8

	OTA operating band unwanted emissions (E-UTRA, NR)
	Offsets < 10 MHz
1.8 dB, f ≤ 3 GHz
2 dB, 3 GHz < f ≤ 6 GHz

Offsets ≥ 10 MHz
0 dB
	11.4.8

	SEM (UTRA only)
	1.8 dB, f ≤ 3 GHz
2.0 dB, 3 GHz < f ≤ 4.2 GHz

	11.4.8

	OTA transmitter spurious emissions, mandatory requirements
	0 dB
	12.2.6

	OTA transmitter spurious emissions, protection of BS receiver
	3.1 dB, f ≤ 3 GHz
3.3 dB, 3 GHz < f ≤ 4.2 GHz
3.4 dB, 4.2 GHz < f ≤ 6 GHz
	13.3.4

	OTA transmitter spurious emissions, additional spurious emissions requirements
	2.6 dB, f ≤ 3 GHz
3.0 dB, 3 GHz < f ≤ 4.2 GHz
3.5 dB, 4.2 GHz < f ≤ 6 GHz

For co-existence with PHS and public safety bands.
0 dB
	12.4.4

	OTA transmitter spurious emissions, co-location
	3.1 dB, f ≤ 3 GHz
3.3 dB, 3 GHz < f ≤ 4.2 GHz
3.4 dB, 4.2 GHz < f ≤ 6 GHz
	13.3.4

	OTA transmitter intermodulation
	0 dB
	13.4.4

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



Table 18-2: Test Tolerance values derivation, TX FR2-1
	Requirement
	Test Tolerance
(TTOTA)
	Clause

	Radiated transmit power
	Normal condition:
1.7 dB (24.25 – 29.5 GHz)
2.0 dB (37 – 43.5 GHz) 
2.2 dB (43.5  – 48.2 GHz)
	9.2.8

	
	Extreme condition:
3.1 dB (24.25 – 29.5 GHz)
3.3 dB (37 – 43.5 GHz) 
3.5 dB (43.5  – 48.2 GHz)
	9.3.5

	OTA base station output power
	2.1 dB (24.25 – 29.5 GHz)
2.4 dB (37 – 43.5 GHz) 
2.6 dB (43.5  – 48.2 GHz)
	11.2.8

	OTA total power dynamic range 
	0.4 dB
	9.5.6

	OTA transmitter OFF power
	2.9 dB (24.25 – 29.5 GHz)
3.3 dB (37 – 43.5 GHz) 
3.6 dB (43.5  – 48.2 GHz)
	9.10.4

	OTA transmitter transient period
	N/A
	

	OTA frequency error
	12 Hz
	9.6.6

	OTA modulation quality
	1%
	9.7.6

	OTA time alignment error
	25 ns
	9.8.6

	OTA occupied bandwidth
	0 Hz
	9.9.6

	OTA ACLR
	Relative ACLR:
2.3 dB (24.25 – 29.5 GHz)
2.6 dB (37 – 43.5 GHz) 
2.8 dB (43.5 – 48.2 GHz)

Absolute ACLR:
2.7 dB (24.25 – 29.5 GHz)
2.7 dB (37 – 43.5 GHz) 
2.9 dB (43.5  – 48.2 GHz)
	11.3.8

	OTA operating band unwanted emissions
	2.7 dB (24.25 – 29.5 GHz)
2.7 dB (37 – 43.5 GHz)
2.9 dB (43.5  – 48.2 GHz)
(NOTE 2)
	11.4.8

	OTA transmitter spurious emissions, mandatory requirements
	0 dB
	12.2.5

	OTA transmitter spurious emissions, additional requirements
	NOTE 2
	

	NOTE 1:	TTOTA values are applicable for normal condition unless otherwise stated.
NOTE 2:	There may be additional regional regulatory requirements being applicable, tightening the TTOTA values to 0 dB, e.g. for co-existence with Earth Exploration Satellite Service. For more details refer to e.g. TS 38.141-2 [6].



Table 18-2a: Test Tolerance values derivation, TX FR2-2
	Requirement
	Test Tolerance
(TTOTA)
	Clause

	Radiated transmit power
	Normal condition:
3.0 dB 
	9.2.8

	
	Extreme condition:
3.9 dB
	9.3.5

	OTA base station output power
	3.2 dB
	11.2.8

	OTA total power dynamic range 
	0.4 dB
	9.5.6

	OTA transmitter OFF power
	5.6 dB
	9.10.4

	OTA transmitter transient period
	N/A
	

	OTA frequency error
	12 Hz
	9.6.6

	OTA modulation quality
	1.1%
	9.7.6

	OTA time alignment error
	25 ns
	9.8.6

	OTA occupied bandwidth
	0 Hz
	9.9.6

	OTA ACLR
	Relative ACLR:
5.1 dB 

Absolute ACLR:
4.8 dB 
	11.3.8

	OTA operating band unwanted emissions
	4.8 dB 
	11.4.8

	OTA transmitter spurious emissions, mandatory requirements
	0 dB
	12.2.5

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




Table 18-3: Test Tolerance values derivation, RX FR1
	Requirement
	Test Tolerance
(TTOTA)
	Clause

	OTA sensitivity
	1.3 dB, f ≤ 3 GHz
1.4 dB, 3 GHz < f ≤ 4.2 GHz
1.6 dB, 4.2 GHz < f ≤ 6 GHz
	10.2.8

	OTA reference sensitivity level
	1.3 dB, f ≤ 3 GHz
1.4 dB, 3 GHz < f ≤ 4.2 GHz
1.6 dB, 4.2 GHz < f ≤ 6 GHz
	10.3

	OTA dynamic range 
	0.3 dB
	10.4.5

	OTA adjacent channel selectivity

	0 dB
	10.5.5

	OTA in-band blocking (General)
	0 dB
	10.5.5

	OTA in-band blocking (Narrowband)
	0 dB
	10.5.5

	OTA out-of-band blocking (General)
	0 dB
	14.4

	OTA out-of-band blocking (Co-location)
	0 dB
	13.5.4

	OTA receiver spurious emissions 
	0 dB
(NOTE 2)
	12.3.4

	OTA receiver intermodulation
	0 dB
	10.6.5

	OTA in-channel selectivity 
	1.7 dB, f ≤ 3 GHz
2.1 dB, 3 GHz < f ≤ 4.2 GHz
2.4 dB, 4.2 GHz < f ≤ 6 GHz
	10.7.4

	NOTE 1:	TTOTA values are applicable for normal condition unless otherwise stated.
NOTE 2:	From December 2019, the regulation around receiver spurious emissions has been clarified in ERC recommendation 74-01 [25] and the requirement has been updated. Since then OTA RX spurious emissions is a regulatory requirement with TT = 0 (as opoosed to the previous agreement with TT = MU).



Table 18-4: Test Tolerance values derivation, RX FR2-1
	Requirement
	Test Tolerance
(TTOTA)
	Clause

	OTA reference sensitivity level
	2.4 dB, 24.25 GHz < f ≤ 29.5 GHz
2.4 dB, 37 GHz < f ≤ 43.5 GHz
3.5 dB, 43.5 GHz < f ≤ 48.2 GHz
	10.2.8

	OTA adjacent channel selectivity
	0 dB
	10.5.5

	OTA in-band blocking (General)
	0 dB
	10.5.5

	OTA out-of-band blocking 
	0 dB
	14.4

	OTA receiver spurious emissions 
	0 dB
	12.3.4

	OTA receiver intermodulation
	0 dB
	10.6.5

	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, 43.5 GHz < f ≤ 48.2 GHz
	10.7.5

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



Table 18-4a: Test Tolerance values derivation, RX FR2-2
	Requirement
	Test Tolerance
(TTOTA)
	Clause

	OTA reference sensitivity level
	3.0 dB
	10.2.8

	OTA adjacent channel selectivity
	0 dB
	10.5.5

	OTA in-band blocking (General)
	0 dB
	10.5.5

	OTA out-of-band blocking 
	0 dB
	14.4

	OTA receiver spurious emissions 
	0 dB
	12.3.4

	OTA receiver intermodulation
	0 dB
	10.6.5

	OTA in-channel selectivity 
	4.0 dB
	10.7.5

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




<< Unchanged clauses skipped >>
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Test equipment uncertainty values
[bookmark: _Toc37430506][bookmark: _Toc43739609][bookmark: _Toc46347370][bookmark: _Toc53166309][bookmark: _Toc53167004][bookmark: _Toc53167698][bookmark: _Toc61130960][bookmark: _Toc61131686][bookmark: _Toc61188528][bookmark: _Toc83029818][bookmark: _Toc83920416][bookmark: _Toc89785437]C.1	Test equipment measurement error contribution descriptions
C1-1 Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
The receiving device used to measure the received signal level in the EIRP tests either as an absolute level or as a relative level. These receiving devices to name a few are spectrum analyzers, network analyzers or power meter. These devices will have an uncertainty contribution of their own; this value declared by the test gear vendor should be recorded as this uncertainty contribution. If a power meter is used then both measurement uncertainty and out of band noise is considered as part of the contribution. This uncertainty value can be found in table C2-1 and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-2 Uncertainty of the RF signal generator
The use of this signal generator introduces an uncertainty on the absolute output level. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex C2-1 and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-3 Uncertainty of the network analyser
Drift (temp, oscillators, filters, etc.) start-to-end time of measurements
This uncertainty includes all the uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer, and will be calculated from the manufacturer's data in logs. This uncertainty also includes analyzer uncertainty for multi-polarization (2 or more ports) measured simultaneously. This uncertainty value can be found in table C2-1 and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-4 Uncertainty of the absolute gain of the reference antenna
This uncertainty consists of the uncertainty of the gain value associated with the gain value denoted from the antenna calibration. This uncertainty value can be found in table C.2-1 and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-5 Measurement receiver (co-location)
Error for the receiver used to measure the noise floor level in the co-location test.
C1-6 Noise figure measurement accuracy
Noise figure calibration accuracy used for the low power levels used during the co-location measurements.
C1-7 RF power measurement equipment (e.g. spectrum analyser, power meter, mixer) - low power (UEM, absolute ACLR)
Measurement equipment error associated with measuring low power absolute high frequency (FR2) unwanted emissions. Use of mixer is also allowed as alternative with spectrum analyzer for IF frequency. 

C1-8 RF power measurement equipment (e.g. spectrum analyzer, power meter) - relative (ACLR)
Measurement equipment error associated with measuring low power relative high frequency (FR2) unwanted emissions.
C1-9 RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time domain wideband measurement for FR2
Measurement equipment error associated with measuring low power, wide band time domain high dynamic range signals required for the Tx OFF transient test.
C1-10  Uncertainty of the RF power measurement equipment (power meter, power sensor) – high power (EIRP)
Power meter and sensor used to measure the received signal level in the EIRP test. Power meter and sesor shall be used with appropriate band pass filter to remove out of band noise contribution with all of following condition met. It is important to maintain signal to noise ratio (SNR) better than 10 dB, otherwise should not be used.  This uncertainty value can be found in table C2-2a. 
· Reduce total noise level below acceptable level comparing with signal power, acceptable level is to maintain SNR better than 10 dB
· Appropriate bandpass filter is required to reduce out of band noise for meeting acceptable SNR level
· Measured total signal level is within measurable range of power sensor
· Power meter and sensor can not be used for test with measurement bandwidth defined in requirement and TRP, spectrum analyzer should be used instead.
Following figure illustrate SNR requirement describe above is achievable with considering ACLR relative requirement. Out of band broadband noise is removed by band pass filter. In this figure, 1000 MHz outside from far side of adjucent channel edge is considered enough for reducing level by filter. Inside of filter pass band, because of ACLR relative requirement, which is 24 dBc for FR2-2, calculation of total noise inside vs signal level shows SNR better than 10 dB.
Figure C.1-1, use of power sensor for EIRP measurement 
[image: ]
In example shown in figure above, noise power of two adjacent channel is -21 dBc at most because of ACLR relative requirement. Further outside region 1000 MHz wide, with assuming the same noise level as worst case, has -11 dBc in total at most. Worst case total noise power in pass band is sum of these two dBc number which is -10.6 dBc. This is better than 10 dB SNR requimrent even worst-case analysis as above.

C1-11 Uncertainty of the RF Signal Generator with power monitoring and controlling by power sensor 
Signal level error from signal generator or up converter and optionaly with power amplifier which generated power level is monitored and controlled by power sensor during test is performed. With this technieque, signal generator level error can be replaced by power sensor error, which needs to include various sensor error with mis-match contribution from power splitter to sensor and power unbalance of power splitter.
MUTestEquipment Uncertainty of the RF signal generator
Uncertainty of the RF signal generator used for modulated interferer. For FR2-2, use the same technique as C1-11 which is to use power sensor to monitor signal level then control output level during test is performed. 
MUCwint CW interferer signal level error
Uncertainty of the RF signal generator used for CW interferer. For FR2-2, use the same technique as C1-11 which is to use power sensor to monitor signal level and control output level during test is performed. 
MUOOBint Uncertainty for the OOB interferer signal
Uncertainty of the RF signal generator used for OOB interferer (CW). For FR2-2, use the same technique as C1-11 which is to use power sensor to monitor signal level and control output level during test is performed.
[bookmark: _Toc21086779][bookmark: _Toc29769239][bookmark: _Toc29994060][bookmark: _Toc37430507][bookmark: _Toc43739610][bookmark: _Toc46347371][bookmark: _Toc53166310][bookmark: _Toc53167005][bookmark: _Toc53167699][bookmark: _Toc61130961][bookmark: _Toc61131687][bookmark: _Toc61188529][bookmark: _Toc83029819][bookmark: _Toc83920417][bookmark: _Toc89785438]C.2	Measurement Equipment uncertainty values
The following uncertainty distribution and standard uncertainty (σ) values proposed by test vendors are adopted for the RF power measurement equipment, RF signal generator, and network analyzer to calculate the uncertainty budget.
Table C.2-1: Test equipment uncertainty values for FR1
	UID
	Instrument
	Use case
	Measurement Uncertainty type
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	
	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz
	

	C1-1
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	Measurement stage
	Total amplitude accuracy
(with input levels down to ‑70 dBm)
	0.14
	0.26
	0.26
	Gaussian

	C1-2
	RF signal generator
	Measurement stage
	Level error
	0.46
	0.46
	0.46
	Gaussian

	C1-3
	Network analyzer
	Calibration stage
	Accuracy of transmission measurements
	0.13
	0.20
	0.2
	Gaussian

	C1-5
	Measurement receiver (co-location)
	Measurement stage
	Amplitude accuracy
	0.41
	0.74
	0.8
	Gaussian

	C1-6
	Noise figure measurement accuracy
	Calibration stage
	Amplitude accuracy
	0.2
	0.2
	0.2
	Gaussian

	NOTE:	Standard uncertainty values were derived from datasheets of mid-tier to high-end RF signal generators, spectrum analyzers, and VNAs. Standard uncertainty values of power measurement equipment were derived from datasheet of spectrum analyzers.



Table C.2-2: Test equipment uncertainty values for FR2-1
	UID
	Instrument
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	24.25 < f
≤ 29.5 GHz
	37 < f
≤ 43.5 GHz
	

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

	C1-2
	RF signal generator
	0.90
	0.90
	Gaussian

	C1-3
	Network Analyzer
	0.30
	0.30
	Gaussian

	C1-7
	RF power measurement equipment (e.g. spectrum analyzer, power meter) - low power (UEM)
	0.90
	0.90
	 Gaussian

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

	C1-9
	RF power measurement equipment (e.g. spectrum analyzer, power meter) - relative (ACLR)
	1.25
	1.45
	Gaussian



Table C.2-2a: Test equipment uncertainty values for FR2-2 inband measurement
	UID
	Uncertainty source 
	Standard uncertainty σ (dB) 57 < f ≤ 71 GHz
	Note

	C1-3
	Uncertainty of the Network Analyzer
	0.85
	

	C1-7
	Uncertainty of RF power measurement equipment (e.g. spectrum analyzer, power meter, mixer) – low power (UEM, absolute ACLR)
	2.0
	Spectrum Analyzer for FR2-2 frequncy range. Optionally use of mixer with spectrum analyzer with IF allowed

	C1-9
	RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time domain wideband measurement for FR2
	2.61
	For FR2-2, take FR2-1 Tx off power value of frequency in 24~29G 1.25 as IF MU with IF mismatch 0.41 and mixer.
RSS of (1.25, 2.25, 0.41)

	C1-10
	Uncertainty of the RF power measurement equipment (power meter, power sensor) – high power (EIRP)
	0.98
	

	C1-11
	Uncertainty of the RF Signal Generator with power monitoring and controlling by power sensor 
	0.98
	For FR2-2 Rx test

	MUTestEquipmen
	Uncertainty of the RF signal generator of modulated interferer. 
	0.98
	Same value as C1-11 with using the same technique with power sensor for monitoring and controlling signal level

	MUCwint
	Uncertainty of CW interferer signal level error
	0.98
	Same value as C1-11 with using the same technique with power sensor for monitoring and controlling signal level

	EVM
	OTA modulation quality
	1.1%
	



Table C.2-2b: Test equipment uncertainty values for FR2-2 out of band measurement
	UID
	Uncertainty source
	Standard uncertainty σ (dB)
	Note

	
	
	71 < f ≤ 110 GHz
	110 < f ≤ 142 GHz 
	

	C1-3
	Uncertainty of the Network Analyzer
	0.80
	1.00
	

	C1-7
	Uncertainty of the RF power messurement equipment (e.g spectrum analuzer, power meter, mixer) – low power (UEM, absolute ACLR)
	2.00
	2.30
	Spectrum Analyzer for FR2-2 frequncy range. Optionally use of mixer with spectrum analyzer with IF allowed

	MUOOBint
	Uncertainty for the OOB interferer signal with using power sensor as monitoring and controlling of signal power level
	0.98
	0.98

	Same value as C1-11 in Table C.2-2a with using the same technique with power sensor for monitoring and controlling signal level
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