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Sub-clause 8.8:


[bookmark: _Toc32332034][bookmark: _Toc37429950][bookmark: _Toc43739024][bookmark: _Toc46346785][bookmark: _Toc53165724][bookmark: _Toc53166419][bookmark: _Toc53167113][bookmark: _Toc61130345][bookmark: _Toc61131071][bookmark: _Toc61187913][bookmark: _Toc83029203][bookmark: _Toc83919801][bookmark: _Toc89784822]8.8	Reverberation chamber calibration
To correctly determine the TRP by the BS a calibration step to account for losses in cables, antennas, etc. is required. A reference PTF is determined at each frequency of interest by using a relevant reference TX antenna (REF TX ant). The chamber should be set up identically to the actual set up of the TRP measurement, which means the BS has to be in the room, the same stirring procedure has to be used, etc.

A minimum Nref = 1 reference measurement is required, but it is noted that more measurements can be used to estimate the reference PTF and that this will lead to a reduction of the uncertainty by a factor . The radiation efficiency, η, of the reference antenna can be assumed to be the value declared by the manufacturer or can be determined in a separate antenna efficiency measurement.
[image: ][image: ][image: ]
(a)						(b)					(c)
Figure 8.8-1: The procedure for TRP measurements uses three consecutive setups: (a) Reference measurement, (b) ambient noise measurement (b), and (c) TRP measurement. The blue dots indicate the measurement planes
Calibration procedure:
1)	Place the BS and the REF TX ant in the working volume of the RC. Turn off BS power and BS controls. See figure 8.8-1 (a). If more positions are used to determine the reference PTF the REF TX ant should be placed at uncorrelated positions within the test volume.
2)	Set the stirrers and turntables in the mode of operation used in the chamber characterization.
3)	Set the sampling rate as in the chamber characterization.
4)	Connect the REF TX ant and the RX antenna with a calibrated Network analyser (NA).
5)	Measure the scattering parameters or received power over a complete stirring cycle for each frequency of interest and for each position and orientation.
6)	Calculate the reference transfer function, P(r).
7)	Calculate the mis-match efficiency, M1(r).

8.8.1	Additional power level calibration
The general principle is to add an additional calibration stage in which a PM characterizes the absolute power measured by the SA. If this is done correctly, considering PM dynamic range capabilities and that a clean signal with low emissions is measured, an MU related to the PM can be used instead of the MU associated to the SA. 
The usage of PM as power measurement equipment for TRP test case assumes the following conditions need to be met:
a. The measured signal power level needs to be strong enough to fall within the dynamic range of the power meter when considering the overall path loss in the OTA system.
b. The measured signal needs to be sufficiently clean from spurious emissions like harmonics, images, LO-leakage, etc to maintain expected MU. In order to ensure a noise level which does not affect the expected MU, the minimum SNR must be >10dB to ensure no impact to MU. 
c. The wideband noise level (including unfiltered components in point b. above) must be significantly lower than the measured carrier power level. To reduce wideband noise level, the use of band pass filter before power sensor is assumed.
Application of this technique include radiated transmit power and other requirements where the measured signal falls within the dynamic range of the PM. The RC calibration can be divided in several stages: 
1. Test range calibration
2. Validation of test range ambient noise level
3. Absolute power level calibration
The third stage is new, while the two first are slightly modified compared to previous description in TR 37.941. 
The test range calibration stage, validation of ambient noise level stage and absolute power calibration stage is visualized in Figure 8.8.1-1. 
[image: ]        [image: ]      
[image: ] 
Figure 8.8.1-1: Test range calibration (top-left), validation of ambient noise (top-right) in an RC and absolute power level calibration (bottom)
The Spectrum Analyzer (SA) is connected in idle mode to present the proper signal scattering characteristics, and the EUT is also in the chamber to present relevant spatial scattering properties. Stirrers are assumed to operate in the same sequence as in the chamber characterization described in TR 37.941, subclause 7.8.1.
An RF power divider or RF switch (denoted S) is used to divide the received signal to feed both an SA and a PM with the signal transmitted by the calibration antenna, here denoted reference antenna (Ref Tx). The complete transmission path from A to B is characterized in the calibration stage. 
In the test range calibration stage, the transmission loss from A to C is obtained. The test range calibration procedure is as follows:
1. Measure the transmission loss from D to C with a VNA.
2. Get the radiation efficiency  of the Ref Tx antenna.
3. Measure the reflection coefficient  at the input D of the Ref Tx antenna.
4. Calculate the loss from A to C as: 
 			(Linear units)
The path loss, including the Rx antenna gain, is captured between A and C with the calibration stage. LAC will be used in the measurement stage to be able to retrieve a calibrated TRP value. 
In the validation of ambient noise stage, the SA is used to secure the noise floor level within the chamber. This stage is defined to check that external leakage and internal noise is under control. In TR 37.941, subclause 11.2.5 it is recommended to have at least 20 dB SNR.  
In the absolute power calibration (bottom picture in Figure 8.8.1-1) the mode stirrer is fixed at a power optimal position where the PM receives a signal within its dynamic range. Since the dynamic range of the PM is limited, an Attenuator (ATT) may be required. The attenuator setting, used in the absolute calibration stage must be equal to the setting used in the test range calibration stage. It is important to set the attenuation properly to ensure the PM and the SA operate within their dynamic ranges. The difference between PM power level and SA power level is calculated in logarithmical scale as:
		(dB)
The difference should be characterized for each configuration of the BS over frequency (e.g., Top, Middle and Bottom channel within an operating band) as the absolute level may vary over the band. 
The TRP measurement stage for a RC is visualised in Figure 8.8.1-2.
                  [image: ]
Figure 8.8.1-2: TRP measurement
The attenuator setting, used in the measurement stage, must be equal to the setting used in the test range calibration stage.
In the measurement stage, the calibration antenna is terminated and the Equipment Under Test (EUT) is activated. In an RC the TRP is measured as an average of many power samples measured for different stirrer positions. 
In the TRP measurement the mode stirrers are moving and  is measured using the SA. The measured power is then corrected using the PM absolute offset D in logarithmical scale as:
 		(dBm)
The TRP level is then calculated as:
 	(Linear scale)
Here,  denotes average value (in linear scale) of all power samples.

Sub-clause 11.2.5:

[bookmark: _Toc21086502][bookmark: _Toc29768939][bookmark: _Toc32332357][bookmark: _Toc37430274][bookmark: _Toc43739377][bookmark: _Toc46347138][bookmark: _Toc53166077][bookmark: _Toc53166772][bookmark: _Toc53167466][bookmark: _Toc61130727][bookmark: _Toc61131453][bookmark: _Toc61188295][bookmark: _Toc83029585][bookmark: _Toc83920183][bookmark: _Toc89785204]11.2.5	Reverberation Chamber
[bookmark: _Toc32332358][bookmark: _Toc37430275][bookmark: _Toc43739378][bookmark: _Toc46347139][bookmark: _Toc53166078][bookmark: _Toc53166773][bookmark: _Toc53167467][bookmark: _Toc61130728][bookmark: _Toc61131454][bookmark: _Toc61188296][bookmark: _Toc83029586][bookmark: _Toc83920184][bookmark: _Toc89785205]11.2.5.1	Measurement system description
[bookmark: _Toc32332359][bookmark: _Toc37430276][bookmark: _Toc43739379][bookmark: _Toc46347140][bookmark: _Toc53166079][bookmark: _Toc53166774][bookmark: _Toc53167468]Measurement system description is captured in clause 7.7.1.
[bookmark: _Toc61130729][bookmark: _Toc61131455][bookmark: _Toc61188297][bookmark: _Toc83029587][bookmark: _Toc83920185][bookmark: _Toc89785206]11.2.5.2	Test procedure
[bookmark: _Toc32332360][bookmark: _Toc37430277][bookmark: _Toc43739380][bookmark: _Toc46347141][bookmark: _Toc53166080][bookmark: _Toc53166775][bookmark: _Toc53167469][bookmark: _Toc61130730][bookmark: _Toc61131456][bookmark: _Toc61188298][bookmark: _Toc83029588][bookmark: _Toc83920186][bookmark: _Toc89785207]11.2.5.2.1	Stage 1: Calibration
Calibration procedure for the Reverberation chamber is captured in clause 8.7.
[bookmark: _Toc32332361][bookmark: _Toc37430278][bookmark: _Toc43739381][bookmark: _Toc46347142][bookmark: _Toc53166081][bookmark: _Toc53166776][bookmark: _Toc53167470][bookmark: _Toc61130731][bookmark: _Toc61131457][bookmark: _Toc61188299][bookmark: _Toc83029589][bookmark: _Toc83920187][bookmark: _Toc89785208][bookmark: _Toc21086505][bookmark: _Toc29768942]11.2.5.2.2	Stage 2: BS measurement
TRP calculation in an RC does not rely on a coordinate system and as such no reference coordinate system is defined for the RC method, and no alignment between BS and test system is required. The BS should be placed/mounted in the working volume of the RC. It is advised (but not mandatory) to orient the BS is such a way that its antenna boresight is pointing towards a well-stirred part of the chamber (such as towards the stirrer).
The RC testing procedure consists of the following steps:
1. Calculate Ambient Power Level:
1)	Connect the RX antenna to a calibrated receiver test equipment using the same cables as in the calibration step. Turn on the BS control. Keep the BS RF power off. Terminate the REF TX ant in a 50 Ω load. See figure 8.7-1 (b).

2)	Measure the voltage data Uamb and calculate the ambient power level as 

3)	Calculate the ambient TRP level as 
2. Calculate BS TRP:
1)	Turn on the BS RF power and measure the received voltage UBS, see figure 8.7-1 (c).
2)	Calculate the BS power as: 
3)	Calculate the TRP from the BS as: 
[bookmark: _Ref528865675]4)	The following tests shall be performed on the measurement data:
-	The dynamic range TRPBS / TRPamb must be at least 20 dB.
-	The number of uncorrelated samples, calculated via the auto-correlation function, see [35], shall be at least 250.
There is no need for additional directional measurements to the stirring cycle. In a well-stirred chamber, all directional components will be contained in the samples collected during the measurement cycle and accounted for correctly in the final TRP calculation.
NOTE:	A reverberation chamber does not represent a real-life deployment for the BS and can be considered as a hostile environment due to the potentially high field strengths. Therefore, it is important to make sure that the BS is operating properly throughout the entire measurement.
[bookmark: _Toc32332362][bookmark: _Toc37430279][bookmark: _Toc43739382][bookmark: _Toc46347143][bookmark: _Toc53166082][bookmark: _Toc53166777][bookmark: _Toc53167471][bookmark: _Toc61130732][bookmark: _Toc61131458][bookmark: _Toc61188300][bookmark: _Toc83029590][bookmark: _Toc83920188][bookmark: _Toc89785209][bookmark: _Toc21086506][bookmark: _Toc29768943]11.2.5.3	MU value derivation, FR1
Table 11.2.5.3-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power measurements in Reverberation Chamber (Normal test conditions, FR1).
Table 11.2.5.3-1: Reverberation chamber MU value derivation for OTA BS output power, FR1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor
	ci
	Standard uncertainty ui (dB)

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

	Stage 2: BS measurement
	　

	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

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06
	0.06

	Stage 1: Calibration measurement
	　

	A6-3
	Reference antenna radiation efficiency
	0.20
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20
	0.20

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.15
	0.15
	0.15
	Gaussian
	1.00
	1
	0.15
	0.15
	0.15

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	0.70
	0.75
	0.75

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.37
	1.46
	1.46



[bookmark: _Toc32332363][bookmark: _Toc37430280][bookmark: _Toc43739383][bookmark: _Toc46347144][bookmark: _Toc53166083][bookmark: _Toc53166778][bookmark: _Toc53167472][bookmark: _Toc61130733][bookmark: _Toc61131459][bookmark: _Toc61188301][bookmark: _Toc83029591][bookmark: _Toc83920189][bookmark: _Toc89785210]11.2.5.4	MU value derivation, FR2
Table 11.2.5.4-1 captures derivation of the expanded measurement uncertainty values for OTA BS output power measurements in Reverberation Chamber (Normal test conditions, FR2-1).
Table 11.2.5.4-2 captures derivation of the expanded measurement uncertainty values for OTA BS output power measurements in Reverberation Chamber (Normal test conditions, FR2-2).

Table 11.2.5.4-1: Reverberation chamber MU value derivation for OTA BS output power, 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

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

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	0.30
	Gaussian
	1.00
	1
	0.30
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	0.94
	1.06

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.85
	2.08



Table 11.2.5.4-2: Reverberation chamber MU value derivation for OTA BS output power, FR2-2
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	57 < f < 71 GHz
	
	shape
	
	57 < f < 71 GHz

	Stage 2: BS measurement

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

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	U-shaped
	1.41
	1
	0.14

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	Normal
	1.00
	1
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	Normal
	1.00
	1
	0.50

	Combined standard uncertainty (1σ) (dB)
	1.49

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.93






Sub-clause 11.2.7:
[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
	57<f<71
GHz

	Indoor Anechoic Chamber
	
	
	-
	-

	Compact Antenna Test Range
	2.11
	2.39
	-
	-

	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
	2.9

	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.



An overview of the MU values for all the requirements is captured in clause 17.


Sub-clause 11.2.8:
[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
	57<f71
GHz 

	Test Tolerance (dB)
	2.1
	2.4
	2.6
	2.9



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



Sub-clause 11.3.5:
[bookmark: _Toc21086528][bookmark: _Toc29768971][bookmark: _Toc32332393][bookmark: _Toc37430310][bookmark: _Toc43739413][bookmark: _Toc46347174][bookmark: _Toc53166113][bookmark: _Toc53166808][bookmark: _Toc53167502][bookmark: _Toc61130763][bookmark: _Toc61131489][bookmark: _Toc61188331][bookmark: _Toc83029621][bookmark: _Toc83920219][bookmark: _Toc89785240]11.3.5	Reverberation Chamber
[bookmark: _Toc32332394][bookmark: _Toc37430311][bookmark: _Toc43739414][bookmark: _Toc46347175][bookmark: _Toc53166114][bookmark: _Toc53166809][bookmark: _Toc53167503][bookmark: _Toc61130764][bookmark: _Toc61131490][bookmark: _Toc61188332][bookmark: _Toc83029622][bookmark: _Toc83920220][bookmark: _Toc89785241]11.3.5.1	Measurement system description
[bookmark: _Toc32332395][bookmark: _Toc37430312][bookmark: _Toc43739415][bookmark: _Toc46347176][bookmark: _Toc53166115][bookmark: _Toc53166810][bookmark: _Toc53167504]Measurement system description is captured in clause 7.7.1.
[bookmark: _Toc61130765][bookmark: _Toc61131491][bookmark: _Toc61188333][bookmark: _Toc83029623][bookmark: _Toc83920221][bookmark: _Toc89785242]11.3.5.2	Test procedure
[bookmark: _Toc32332396][bookmark: _Toc37430313][bookmark: _Toc43739416][bookmark: _Toc46347177][bookmark: _Toc53166116][bookmark: _Toc53166811][bookmark: _Toc53167505][bookmark: _Toc61130766][bookmark: _Toc61131492][bookmark: _Toc61188334][bookmark: _Toc83029624][bookmark: _Toc83920222][bookmark: _Toc89785243]11.3.5.2.1	Stage 1: Calibration
Calibration procedure for the Reverberation chamber is captured in clause 8.7.
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The RC test procedure is described in clause 11.2.5.2.2 (i.e. the same procedure as for the OTA BS output power).
[bookmark: _Toc32332398][bookmark: _Toc37430315][bookmark: _Toc43739418][bookmark: _Toc46347179][bookmark: _Toc53166118][bookmark: _Toc53166813][bookmark: _Toc53167507][bookmark: _Toc61130768][bookmark: _Toc61131494][bookmark: _Toc61188336][bookmark: _Toc83029626][bookmark: _Toc83920224][bookmark: _Toc89785245][bookmark: _Toc21086534][bookmark: _Toc29768977]11.3.5.3	MU value derivation, FR1
Table 11.3.5.3-1 captures derivation of the expanded measurement uncertainty values for relative ACLR measurements in Reverberation Chamber (Normal test conditions, FR1).
Table 11.3.5.3-2 captures derivation of the expanded measurement uncertainty values for absolute ACLR measurements in Reverberation Chamber (Normal test conditions, FR1).
Table 11.3.5.3-1: Reverberation Chamber MU value derivation for relative ACLR measurement
	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
	

	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

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06
	0.06

	Stage 1: Calibration measurement
	

	A6-3
	Reference antenna radiation efficiency
	0.20
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20
	0.20

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.15
	0.15
	0.15
	Gaussian
	1
	1
	0.15
	0.15
	0.15

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	0.70
	0.75
	0.75

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.37
	1.46
	1.46



Table 11.3.5.3-2: Reverberation chamber MU value derivation for absolute ACLR measurement
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

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

	Stage 2: BS measurement
	

	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

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06
	0.06

	Stage 1: Calibration measurement
	

	A6-3
	Reference antenna radiation efficiency
	0.20
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20
	0.20

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.15
	0.15
	0.15
	Gaussian
	1.00
	1
	0.15
	0.15
	0.15

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	0.70
	0.75
	0.75

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.37
	1.46
	1.46
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Table 11.3.5.4-1 captures derivation of the expanded measurement uncertainty values for relative ACLR measurements in Reverberation Chamber (Normal test conditions, FR2-1).
Table 11.3.5.4-2 captures derivation of the expanded measurement uncertainty values for absolute ACLR measurements in Reverberation Chamber (Normal test conditions, FR2-1).
Table 11.3.5.4-3 captures derivation of the expanded measurement uncertainty values for relative ACLR measurements in Reverberation Chamber (Normal test conditions, FR2-2).
Table 11.3.5.4-4 captures derivation of the expanded measurement uncertainty values for absolute ACLR measurements in Reverberation Chamber (Normal test conditions, FR2-2).
Table 11.3.5.4-1: Reverberation chamber MU value derivation for absolute ACLR 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

	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

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	0.30
	Gaussian
	1.00
	1
	0.30
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	1.20
	1.20

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.36
	2.36



Table 11.3.5.4-2: Reverberation chamber MU value derivation for relative ACLR measurement, FR2-1
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)

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

	Stage 2: BS measurement

	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

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	0.30
	Gaussian
	1.00
	1
	0.30
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	1.10
	1.20

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.15
	2.36



Table 11.3.5.4-3: Reverberation chamber MU value derivation for absolute ACLR measurement, FR2-2
	UID
	Uncertainty source
	Uncertainty value 
(dB)

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


	
	
	
	
	
	
	

	Stage 2: BS measurement

	C1-8
	Uncertainty of the RF power measurement equipment (e.g., spectrum analyzer) 
	2.00
	Normal
	1.00
	1
	2.00

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	U-shaped
	1.41
	1
	0.14

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	Normal
	1.00
	1
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	Normal
	1.00
	1
	0.50

	Combined standard uncertainty (1σ) (dB)
	2.30

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	4.50



Table 11.3.5.4-4: Reverberation chamber MU value derivation for relative ACLR measurement, FR2-2
	UID
	Uncertainty source
	Uncertainty value 
(dB)

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


	
	
	
	
	
	
	

	Stage 2: BS measurement

	C1-8
	Uncertainty of the RF power measurement equipment (e.g., spectrum analyzer) 
	2.00
	Normal
	1.00
	1
	2.00

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	U-shaped
	1.41
	1
	0.14

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	Normal
	1.00
	1
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	Normal
	1.00
	1
	0.50

	Combined standard uncertainty (1σ) (dB)
	2.30

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	4.50



Sub-clause 11.4.5:
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[bookmark: _Toc32332430][bookmark: _Toc37430347][bookmark: _Toc43739450][bookmark: _Toc46347211][bookmark: _Toc53166150][bookmark: _Toc53166845][bookmark: _Toc53167539]Measurement system description is captured in clause 7.7.1.
[bookmark: _Toc61130801][bookmark: _Toc61131527][bookmark: _Toc61188369][bookmark: _Toc83029659][bookmark: _Toc83920257][bookmark: _Toc89785278]11.4.5.2	Test procedure
[bookmark: _Toc32332431][bookmark: _Toc37430348][bookmark: _Toc43739451][bookmark: _Toc46347212][bookmark: _Toc53166151][bookmark: _Toc53166846][bookmark: _Toc53167540][bookmark: _Toc61130802][bookmark: _Toc61131528][bookmark: _Toc61188370][bookmark: _Toc83029660][bookmark: _Toc83920258][bookmark: _Toc89785279]11.4.5.2.1	Stage 1: Calibration
Calibration procedure for the Reverberation chamber is captured in clause 8.7.
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The RC test procedure is described in clause 11.2.5.2.2 (i.e. the same procedure as for the OTA BS output power).
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Table 11.4.5.3-1 captures derivation of the expanded measurement uncertainty values for OTA OBUE or OTA SEM measurement in Reverberation chamber (Normal test conditions, FR1).
Table 11.4.5.3-1: Reverberation chamber 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
	

	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

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06
	0.06

	Stage 1: Calibration measurement
	

	A6-3
	Reference antenna radiation efficiency
	0.20
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20
	0.20

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.15
	0.15
	0.15
	Gaussian
	1.00
	1
	0.15
	0.15
	0.15

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	0.71
	0.75
	0.75

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.40
	1.46
	1.46
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Table 11.4.5.4-1 captures derivation of the expanded measurement uncertainty values for OTA OBUE measurements in Reverberation chamber (Normal test conditions, FR2-1).
Table 11.4.5.4-2 captures derivation of the expanded measurement uncertainty values for OTA OBUE measurements in Reverberation chamber (Normal test conditions, FR2-2).


Table 11.4.5.4-1: Reverberation chamber 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

	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

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	U-shaped
	1.41
	1
	0.14
	0.14

	A6-2
	Random uncertainty
	0.10
	0.10
	Rectangular
	1.73
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	0.30
	Gaussian
	1.00
	1
	0.30
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1.00
	1
	0.20
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1.00
	1
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1.00
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) (dB)
	1.20
	1.20

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.36
	2.36



Table 11.4.5.4-2: Reverberation chamber MU value derivation for OTA OBUE measurement, FR2-2
	UID
	Uncertainty source
	Uncertainty value 
(dB)

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


	
	
	
	
	
	
	

	Stage 2: BS measurement

	C1-8
	Uncertainty of the RF power measurement equipment (e.g., spectrum analyzer) 
	2.00
	Normal
	1.00
	1
	2.00

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	U-shaped
	1.41
	1
	0.14

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	Normal
	1.00
	1
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	Normal
	1.00
	1
	0.50

	Combined standard uncertainty (1σ) (dB)
	2.30

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	4.50
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[bookmark: _Toc32332494][bookmark: _Toc37430378][bookmark: _Toc43739481][bookmark: _Toc46347242][bookmark: _Toc53166181][bookmark: _Toc53166876][bookmark: _Toc53167570][bookmark: _Toc61130832][bookmark: _Toc61131558][bookmark: _Toc61188400][bookmark: _Toc83029690][bookmark: _Toc83920288][bookmark: _Toc89785309][bookmark: _Toc21086606][bookmark: _Toc29769065]12.2.4.1	Measurement system description
[bookmark: _Toc32332495][bookmark: _Toc37430379][bookmark: _Toc43739482][bookmark: _Toc46347243][bookmark: _Toc53166182][bookmark: _Toc53166877][bookmark: _Toc53167571]Measurement system description is captured in clause 7.7.1.
[bookmark: _Toc61130833][bookmark: _Toc61131559][bookmark: _Toc61188401][bookmark: _Toc83029691][bookmark: _Toc83920289][bookmark: _Toc89785310]12.2.4.2	Test procedure
[bookmark: _Toc32332496][bookmark: _Toc37430380][bookmark: _Toc43739483][bookmark: _Toc46347244][bookmark: _Toc53166183][bookmark: _Toc53166878][bookmark: _Toc53167572][bookmark: _Toc61130834][bookmark: _Toc61131560][bookmark: _Toc61188402][bookmark: _Toc83029692][bookmark: _Toc83920290][bookmark: _Toc89785311]12.2.4.2.1	Stage 1: Calibration
Calibration procedure for the Reverberation chamber is captured in clause 8.7.
[bookmark: _Toc32332497][bookmark: _Toc37430381][bookmark: _Toc43739484][bookmark: _Toc46347245][bookmark: _Toc53166184][bookmark: _Toc53166879][bookmark: _Toc53167573]NOTE:	The calibration for the out-of-band measurements should be repeated for each frequency being tested and each test antenna.
[bookmark: _Toc61130835][bookmark: _Toc61131561][bookmark: _Toc61188403][bookmark: _Toc83029693][bookmark: _Toc83920291][bookmark: _Toc89785312]12.2.4.2.2	Stage 2: BS measurement
TRP measurement procedure for the Reverberation chamber is captured in clause 11.2.5.2.2 (i.e. OTA BS output power).
[bookmark: _Toc32332498][bookmark: _Toc37430382][bookmark: _Toc43739485][bookmark: _Toc46347246][bookmark: _Toc53166185][bookmark: _Toc53166880][bookmark: _Toc53167574][bookmark: _Toc61130836][bookmark: _Toc61131562][bookmark: _Toc61188404][bookmark: _Toc83029694][bookmark: _Toc83920292][bookmark: _Toc89785313]12.2.4.3	MU value derivation
Table 12.2.3.4-1, 12.2.3.4-2, 12.2.3.4-3 and 12.2.3.4-4 captures derivation of the expanded measurement uncertainty values for OTA TX spurious emissions measurements in Reverberation Chamber (Normal test conditions).
Table 12.2.4.3-1: Reverberation Chamber value derivation for TX spurious emissions, 380 MHz – 26 GHz
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the
	Divisor based on
	ci
　
	Standard uncertainty ui (dB)

	
	
	380 MHz < f ≤ 3 GHz
	3 < f ≤ 6 GHz
	6 < f ≤ 12.75 GHz
	12.75 < f ≤ 19 GHz
	19 < f ≤ 26 GHz
	probability　
	distribution shape
	
	380 MHz < f ≤ 3 GHz
	3 < f ≤ 6 GHz
	6 < f ≤ 12.75 GHz
	12.75 < f ≤ 19 GHz
	19 < f ≤ 26 GHz

	Stage 2: BS measurement

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.14
	0.26
	0.26
	0.37
	0.37
	Gaussian
	1.00
	1.00
	0.14
	0.26
	0.26
	0.37
	0.37

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	0.20
	0.45
	0.45
	0.45
	U-shaped
	1.41
	1.00
	0.14
	0.14
	0.32
	0.32
	0.32

	A6-2
	Random uncertainty
	0.10
	0.10
	0.10
	0.1
	0.10
	Rectangular
	1.73
	1.00
	0.06
	0.06
	0.06
	0.06
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.50
	0.50
	0.50
	0.5
	0.50
	Gaussian
	1.00
	1.00
	0.50
	0.5
	0.5
	0.5
	0.5

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	0.27
	0.27
	0.27
	0.27
	Gaussian
	1.00
	1.00
	0.27
	0.27
	0.27
	0.27
	0.27

	C1-3
	Uncertainty of the network analyzer
	0.13
	0.20
	0.20
	0.2
	0.20
	Gaussian
	1.00
	1.00
	0.13
	0.2
	0.2
	0.2
	0.2

	A6-5
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	0.2
	0.20
	Gaussian
	1.00
	1.00
	0.20
	0.2
	0.2
	0.2
	0.2

	A6-6
	Mean value estimation of transfer function
	0.27
	0.27
	0.27
	0.27
	0.27
	Gaussian
	1.00
	1.00
	0.27
	0.27
	0.27
	0.27
	0.27

	A6-7
	Uniformity of transfer function
	1.50
	1.50
	1.50
	1.5
	1.50
	Gaussian
	1.00
	1.00
	1.50
	1.5
	1.5
	1.5
	1.5

	Combined standard uncertainty (1σ) (dB)
	　
	　
	1.66
	1.68
	1.70
	1.72
	1.72

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	　
	　
	3.25
	3.29
	3.34
	3.38
	3.38



Table 12.2.4.3-2: Reverberation Chamber value derivation for TX spurious emissions, 43.5 GHz – 60 GHz
	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

	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

	A6-1
	Impedance mismatch in the receiving chain
	0.45
	U-shaped
	1.41
	1
	0.32

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.50
	Normal
	1.00
	1
	0.50

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	1.50
	Normal
	1.00
	1
	1.50

	Combined standard uncertainty (1σ) (dB)
	1.80

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	3.53




Table 12.2.4.3-3: Reverberation Chamber value derivation for TX spurious emissions, 71 GHz – 110 GHz
	UID
	Uncertainty source
	　Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)　

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

	Stage 2: BS measurement

	C1-7
	Uncertainty of the RF power measurement equipment (e.g., spectrum analyzer) - low power
	2.00
	Normal
	1.00
	1
	2.00

	A6-1
	Impedance mismatch in the receiving chain
	0.45
	U-shaped
	1.41
	1
	0.32

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.50
	Normal
	1.00
	1
	0.50

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	1.50
	Normal
	1.00
	1
	1.50

	Combined standard uncertainty (1σ) (dB)
	2.73

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	5.35



Table 12.2.4.3-4: Reverberation Chamber value derivation for TX spurious emissions, 110 GHz – 142 GHz
	UID
	Uncertainty source
	　Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)　

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

	Stage 2: BS measurement

	C1-7
	Uncertainty of the RF power measurement equipment (e.g., spectrum analyzer) - low power
	2.30
	Normal
	1.00
	1
	2.30

	A6-1
	Impedance mismatch in the receiving chain
	0.45
	U-shaped
	1.41
	1
	0.32

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.50
	Normal
	1.00
	1
	0.50

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

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

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	1.50
	Normal
	1.00
	1
	1.50

	Combined standard uncertainty (1σ) (dB)
	2.99

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	5.89





Sub-clause 12.2.5:

[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 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
	　
	Expanded uncertainty (dB)

	
	30 MHz< f ≤ 6 GHz
	6 GHz< f < 43.5 GHz
	43.5 GHz< f ≤ 60 GHz
	71 GHz < f < 110 GHz 
	110 GHz < f < 142 GHz 

	General Directional Chamber
	x
	x
	4.94
	x
	x

	Compact Antenna Test Range
	x
	x
	4.96
	x
	x

	Reverberation Chamber
	x
	x
	3.53
	5.35
	5.89

	Common maximum accepted test system uncertainty
	2.5
	2.7
	5
	5.4
	5.9
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