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Sub-clause 7.3:

[bookmark: _Toc32332007][bookmark: _Toc37429921][bookmark: _Toc43738995][bookmark: _Toc46346756][bookmark: _Toc53165695][bookmark: _Toc53166390][bookmark: _Toc53167084][bookmark: _Toc61130315][bookmark: _Toc61131041][bookmark: _Toc61187883][bookmark: _Toc83029173][bookmark: _Toc83919771][bookmark: _Toc89784792]7.3	Compact Antenna Test Range
[bookmark: _Toc32332008][bookmark: _Toc37429922][bookmark: _Toc43738996][bookmark: _Toc46346757][bookmark: _Toc53165696][bookmark: _Toc53166391][bookmark: _Toc53167085][bookmark: _Toc61130316][bookmark: _Toc61131042][bookmark: _Toc61187884][bookmark: _Toc83029174][bookmark: _Toc83919772][bookmark: _Toc89784793]7.3.1	Measurement system description, Normal test conditions
In case of TX requirements measurement, the Compact Antenna Test Range (CATR) uses the BS which radiates a wavefront to a range antenna reflector which will then collimate the radiated spherical wavefront into a feed antenna. The sufficient separation between the BS and the receiver (feed antenna shown in figure 7.3.1-1) so that the emanating spherical wave reaches nearly plane phase fronts from transmitter to receiver. The BS transmits a wavefront that will illuminate the range antenna reflector, which will then reflect the transmitted energy into the feed antenna. The range feed antenna is connected to a vector network analyzer or other equivalent test equipment.
Since the space within the CATR is limited and RF interference needs to be minimized, test equipment is placed outside the shielded anechoic chamber. The usage of up/down converters in the chamber for FR2 minimize the length of RF cables and waveguides. If up/down converter is used together with standard test equipment (e.g., spectrum/signal analyzer or signal generator) the complete system including test equipment and up/down converter should be seen as a composite standard test quipment when measurement uncertianty is evaluated. 



Figure 7.3.1-1: CATR measurement system setup, TX requirements
In case of RX requirements, the CATR uses the feed antenna which radiates a spherical wavefront to a range reflector antenna which will then collimate the radiated spherical wavefront to the BS. There is sufficient separation between the BS and the transmitter (feed antenna shown in figure 7.3.1-2) so that the emanating spherical wave reaches nearly plane phase fronts from transmitter to receiver. The feed antenna transmits a wavefront that will illuminate the range antenna reflector, which will then reflect the transmitted energy towards the BS.


Figure 7.3.1-2: CATR measurement system setup, RX requirements
[image: ]
Figure 7.3.1-3: CATR measurement system setup, RX OTA dynamic range, ACS, general blocking and narrowband blocking
[image: CATR  measurement setup for RX IM]
Figure 7.3.1-4: CATR measurement system setup, OTA RX IMD
[image: CATR  measurement setup for ICS]
Figure 7.3.1-5: CATR measurement system setup for OTA ICS
[image: ]
Figure 7.3.1-6: CATR measurement system setup for TAE
[bookmark: _Toc32332009][bookmark: _Toc37429923][bookmark: _Toc43738997][bookmark: _Toc46346758][bookmark: _Toc53165697][bookmark: _Toc53166392][bookmark: _Toc53167086][bookmark: _Toc61130317][bookmark: _Toc61131043][bookmark: _Toc61187885][bookmark: _Toc83029175][bookmark: _Toc83919773][bookmark: _Toc89784794]7.3.2	Measurement system description, Extreme test conditions
This method places the BS under test inside a RF transparent environmentally sealed enclosure so that the BS temperature can be controlled whilst the result of the OTA chamber facility is at nominal temperature.
The Compact Antenna Test Range (CATR) uses the BS which radiates a wave front to a range antenna reflector which will then collimate the radiated spherical wave front into a feed antenna. The sufficient separation between the BS and the receiver (feed antenna shown in figure 7.3.2-1) so that the emanating spherical wave reaches nearly plane phase fronts from transmitter to receiver. The BS transmits a wave front that will illuminate the range antenna reflector, which will then reflect the transmitted energy into the feed antenna. The range feed antenna is connected to a vector network analyzer or other equivalent test equipment.
For the environmental control of the BS required to produce the extreme temperature environment the BS under test is placed inside a RF transparent environmentally sealed enclosure so that the BS temperature can be controlled whilst the result of the OTA chamber facility is at nominal temperature.
[image: ]
[bookmark: _Toc32332010][bookmark: _Toc37429924][bookmark: _Toc43738998][bookmark: _Toc46346759][bookmark: _Toc53165698][bookmark: _Toc53166393][bookmark: _Toc53167087]Figure 7.3.2-1: CATR measurement system setup for EIRP accuracy in Extreme test conditions
[bookmark: _Toc61130318][bookmark: _Toc61131044][bookmark: _Toc61187886][bookmark: _Toc83029176][bookmark: _Toc83919774][bookmark: _Toc89784795]7.3.3	Test method limitations
The maximum size of the BS is a chamber restriction that would affect the quality of the quiet zone. For larger BS sizes larger size chambers should be considered such that the uncertainty of the quiet zone is taken into account.
The CATR is not suitable for low frequency measurements.





Sub-clause 8.3:
[bookmark: _Toc32332030][bookmark: _Toc37429945][bookmark: _Toc43739019][bookmark: _Toc46346780][bookmark: _Toc53165719][bookmark: _Toc53166414][bookmark: _Toc53167108][bookmark: _Toc61130340][bookmark: _Toc61131066][bookmark: _Toc61187908][bookmark: _Toc83029198][bookmark: _Toc83919796][bookmark: _Toc89784817]8.3	Compact Antenna Test Range calibration
The calibration measurement is done by using a reference antenna (SGH used in figure 8.3-1 or 8.3-2) with known efficiency or gain values. In the calibration measurement the reference antenna is measured in the same place as the BS, and the attenuation of the complete transmission path (C↔A, as in figure 8.3-1 or 8.3-2) from the BS to the measurement receiver is calibrated out. Figures 8.3-1 and 8.3-2 presents a setup of a typical compact antenna test range for TX and RX requirements, respectively.


Figure 8.3-1: CATR calibration system setup, TX requirements


Figure 8.3-2: CATR calibration system setup, RX requirements
1)	Path loss calibration C→A:
a)	Measure SGH (or other calibrated reference antenna) reflection coefficient separately at the antenna's connector with a network analyser (or equivalent measurement equipment) to obtain ΓSGH.
b)	Measure cable loss from point C to input of SGH, call this LC↔SGH which is the equivalent of 20log|S21| from the use of a network analyser.
c)	Calculate the combined total path loss from C→A by using the following expression:
	LSGHcal = LC,SGH + 10log(1 - |ΓSGH|2) - GSGH,
	where 10log(1 - |ΓSGH|2) is the compensation for SGH connector return loss, GSGH is the known gain of the reference SGH.
2)	Connect SGH and C↔A cable.
3)	To remove polarization(s) mismatch between range antenna (labelled as feeder antenna in diagram) and SGH use positions to position the SGH in the boresight of range antenna.
4)	Measure path loss C→B with network analyzer LC→B = 20log|S21|.
5)	Calculate the test path loss compensation factor. This is the total path loss between A↔B using the results from step 1c and 4. L =  LSGHcal  - LC→B.
Where ΓSGH is the reflection coefficient (or mismatch) seen at the SGH connector (S11 with a network analyzer).
The CATR test setup and 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. However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the spectrum analyzer may be needed.
8.3.1	Additional calibration
For FR2-2 the measurement uncertainty can be improved by calibrating the absolute power level measured by the spectrum/signal analyzer with a power meter. This will reduce the total expanded measurement uncertainty under the condition that the power meter measurement uncertainty is lower than the measurement uncerirnty of the spectrum/signal analyzer. Typically, both spectrum/signal analyzer and power meter are used in the setup to get accurate measurement results. 

Sub-clause 9.2.3:
[bookmark: _Toc32332046][bookmark: _Toc37429961][bookmark: _Toc43739035][bookmark: _Toc46346796][bookmark: _Toc53165735][bookmark: _Toc53166430][bookmark: _Toc53167124][bookmark: _Toc61130356][bookmark: _Toc61131082][bookmark: _Toc61187924][bookmark: _Toc83029214][bookmark: _Toc83919812][bookmark: _Toc89784833]9.2.3	Compact Antenna Test Range
[bookmark: _Toc32332047][bookmark: _Toc37429962][bookmark: _Toc43739036][bookmark: _Toc46346797][bookmark: _Toc53165736][bookmark: _Toc53166431][bookmark: _Toc53167125][bookmark: _Toc61130357][bookmark: _Toc61131083][bookmark: _Toc61187925][bookmark: _Toc83029215][bookmark: _Toc83919813][bookmark: _Toc89784834]9.2.3.1	Measurement system description
[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
[bookmark: _Toc32332049][bookmark: _Toc37429964][bookmark: _Toc43739038][bookmark: _Toc46346799][bookmark: _Toc53165738][bookmark: _Toc53166433][bookmark: _Toc53167127][bookmark: _Toc61130359][bookmark: _Toc61131085][bookmark: _Toc61187927][bookmark: _Toc83029217][bookmark: _Toc83919815][bookmark: _Toc89784836]9.2.3.2.1	Stage 1: Calibration
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.
[bookmark: _Toc32332050][bookmark: _Toc37429965][bookmark: _Toc43739039][bookmark: _Toc46346800][bookmark: _Toc53165739][bookmark: _Toc53166434][bookmark: _Toc53167128][bookmark: _Toc61130360][bookmark: _Toc61131086][bookmark: _Toc61187928][bookmark: _Toc83029218][bookmark: _Toc83919816][bookmark: _Toc89784837]9.2.3.2.2	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 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 together with a 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.
[bookmark: _Toc21086247][bookmark: _Toc29768683][bookmark: _Toc32332051][bookmark: _Toc37429966][bookmark: _Toc43739040][bookmark: _Toc46346801][bookmark: _Toc53165740][bookmark: _Toc53166435][bookmark: _Toc53167129][bookmark: _Toc61130361][bookmark: _Toc61131087][bookmark: _Toc61187929][bookmark: _Toc83029219][bookmark: _Toc83919817][bookmark: _Toc89784838]9.2.3.3	MU value derivation, FR1
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



[bookmark: _Toc32332052][bookmark: _Toc37429967][bookmark: _Toc43739041][bookmark: _Toc46346802][bookmark: _Toc53165741][bookmark: _Toc53166436][bookmark: _Toc53167130][bookmark: _Toc61130362][bookmark: _Toc61131088][bookmark: _Toc61187930][bookmark: _Toc83029220][bookmark: _Toc83919818][bookmark: _Toc89784839]9.2.3.4	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.
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 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).
Table 9.2.3.4-1: CATR measurement uncertainty contributors for EIRP accuracy measurements, Normal test conditions, FR2
	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













Table 9.2.3.4-3: 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)

	
	
	57 < f < 71 GHz
	
	distribution shape
	
	57 < 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

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - high power
	0.30
	 Normal
	1.00
	1
	0.30

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

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

	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
	0.40
	 Normal
	1.00
	1
	0.40

	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
	0.00
	Rectangular
	1.73
	1
	0.00

	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
	0.10
	Rectangular
	1.73
	1
	0.06

	Combined standard uncertainty (1σ) (dB)
	0.89

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













Sub-clause 9.2.7:

[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 9.2.3.4, for the frequency range 57 < f < 71 GHz the MU was decided to be FFS 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 
	57 < f < 71 GHz

	Indoor Anechoic Chamber
	-
	-　
	-
	-

	Compact Antenna Test Range
	1.74
	2.07
	-
	1.74

	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)
	1.74

	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: _Toc478460626][bookmark: _Toc46346822][bookmark: _Toc43739061][bookmark: _Toc37429987][bookmark: _Toc32332072][bookmark: _Toc53165761][bookmark: _Toc53166456][bookmark: _Toc53167150]An overview of the MU values for all the requirements is captured in clause 17.
[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
	57 < f < 71 GHz

	Test Tolerance (dB)
	1.7
	2.0
	2.2
	FFS



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