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--------------Start of change-------------
12.5
Measurement uncertainty for out of band TRP requirements

12.5.1
FR1
12.5.1.1
General
The measurement uncertainty for BS type 1-O out of band TRP requirements is based on the AAS BS MU analysis in 3GPP TR 37.843 [9]. 

The TRP MU consists of an MU per point and a Summation Error (SE) which allows for errors in the calculation of the TRP from multiple directional power measurements and allows for a sparse grid to be used to reduce measurement time. The total MU is calculated as follows:
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It has been agreed that a reasonable tradeoff between accuracy and sampling time is achieved when the SU=0.75dB.
12.5.1.2
Transmitter mandatory spurious emissions

The spurious emission requirements cover a large frequency range from 30MHz to 19GHz, many of the in-band chambers chosen for analysis cannot cover this entire range. The MU analysis is therefore based on a general chamber analysis rather than any specific method.

Other chambers  may of course be used as long as the MU is within the specified value (or the test requirement is offset appropriately) and they are suitable for the frequencies being tested. 

It is not necessary to measure TRP in the far field and impractical considering the frequency range being considered.

The MUperpoint  value in [9] is:

MUperpoint = 2.20dB,

30MHz<f≤6 GHz
MUperpoint = 4.15dB,
,
6GHz<f≤19 GHz
By adding the MU per point and the SE values together we have the following total MU:

MUtotal = 2.3dB,

30MHz<f≤6GHz

MUtotal = 4.2dB,

6GHz<f≤19GHz

The test tolerance for mandatory spurious emissions is zero.

12.5.2
FR2

12.5.2.1
General

The spurious emissions requirements of the BS type 2-O are between 30MHz to the 2nd harmonic of the DL operating band. Currently the upper frequency limit calculated MU is 60GHz.

This range can be split into a number of regions:

30 MHz < f ≤ 6 GHz

This region also exists in FR1, the same MU is assumed for FR2 and fro FR1

6 GHz < f ≤ 18 GHz

This is also an FR1 region however the MU values assumed in FR1 is larger than the in-band MU for FR2 which is at a higher frequency. A FR2 BS will likely be smaller than an FR1 BS and hence the chamber can be smaller and the requirements on the quiet zone are not so great. In addition the test equipment is suitable for much higher frequencies (FR2 in band is above the frequency range) so the uncertainty not as great. The MU in the region therefore is assumed to be the same as the FR2 in-band MU.

18 GHz < f ≤ 40 GHz

This frequency range covers the FR2 in-band region. The in-band MU budget is in sub-clause 12.x.x.

40 GHz < f ≤ 60 GHz

This frequency range is above the in-band region, the measured frequencies are above the measurement frequency of the test equipment and hence a mixer is used to down convert the measured frequency to within the range of the test equipment.

12.5.2.2
MU per point

12.5.2.2.1
Indoor anechoic chamber MU Assessment
Descriptions of uncertainty contributors are given in Annex C1.

Table 12.5.2.2.1-1: Indoor anechoic chamber test range uncertainty assessment for spurious emissions 
	UID
	Uncertainty source
	40 GHz < f ≦ 60 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	40 GHz < f ≦ 60 GHz

	Stage 2: DUT measurement

	C1-1
	Positioning misalignment between the AAS BS and the reference antenna
	0.018
	Rect
	√3
	1
	0.010

	C1-2
	Pointing misalignment between the AAS BS and the receiving antenna
	0
	Rect
	√3
	1
	0.000

	C1-3
	Quality of quiet zone
	0.1
	Gaus
	1
	1
	0.100

	C1-4
	Polarization mismatch between the AAS BS and the receiving antenna
	0.018
	Rect
	√3
	1
	0.010

	C1-5
	Mutual coupling between the AAS BS and the receiving antenna
	0
	Rect
	√3
	1
	0.000

	C1-6
	Phase curvature
	0.05
	Gaus
	1
	1
	0.050

	C1-7
	Uncertainty of the RF Power Measurement Equipment
	0.6
	Gaus
	1
	1
	0.600

	C1-8
	test system frequency flatness
	0.25
	Gaus
	1
	1
	0.25

	C1-9
	Uncertainty of the LNA
	0
	Gaus
	1
	1
	0.000

	C1-10
	Uncertainty of the Mixer
	2.25
	Gaus
	1
	1
	2.250

	C1-11
	Impedance mismatch in the receiving chain
	0.42
	U
	√2
	1
	0.297

	C1-12
	Random uncertainty
	0.1
	Rect
	√3
	1
	0.058

	Stage 1: Calibration measurement

	C1-13
	Impedance mismatch between the receiving antenna and the network analyzer
	0.57
	U
	√2
	1
	0.403

	C1-14
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.43
	Rect
	√3
	1
	0.248

	C1-15
	Impedance mismatch between the reference antenna and the network analyzer.
	0.57
	U
	√2
	1
	0.403

	C1-3
	Quality of quiet zone
	0.1
	Gaus
	1
	1
	0.100

	C1-4
	Polarization mismatch for reference antenna
	0.018
	Rect
	√3
	1
	0.010

	C1-5
	Mutual coupling between the reference antenna and the receiving antenna
	0
	Rect
	√3
	1
	0.000

	C1-6
	Phase curvature
	0.07
	Gaus
	1
	1
	0.070

	C1-16
	Uncertainty of the network analyzer
	0.3
	Gaus
	1
	1
	0.300

	C1-17
	Influence of the reference antenna feed cable
	0.18
	Rect
	√3
	1
	0.104

	C1-19
	Reference antenna feed cable loss measurement uncertainty
	0.1
	Gaus
	1
	1
	0.100

	C1-20
	Influence of the receiving antenna feed cable
	0.18
	Rect
	√3
	1
	0.104

	C1-21
	Uncertainty of the absolute gain of the reference antenna
	0.52
	Rect
	√3
	1
	0.300

	C1-22
	Uncertainty of the absolute gain of the receiving antenna
	0
	Rect
	√3
	1
	0.000

	Combined standard uncertainty (1σ) [dB]
	2.49

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	4.88


12.5.2.3.1
CATR  MU Assessment
Descriptions of uncertainty contributors are given in Annex C2.

Table 12.5.2.3.1-1: Compact antenna test range uncertainty assessment for spurious emissions 
	UID
	Uncertainty source
	40 GHz < f ≦ 60 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	40 GHz < f ≦ 60 GHz

	Stage 2: DUT measurement

	C2-1
	Misalignment  DUT & pointing error
	0.3
	Rect
	√3
	1
	0.173

	C2-2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.7
	 Gaus
	1
	1
	0.7

	C2-3
	Uncertainty of the LNA
	0
	 Gaus
	1
	1
	0

	C2-4
	Uncertainty of the Mixer
	2.25
	 Gaus
	1
	1
	2.25

	C2-5
	Standing wave between DUT and test range antenna
	0.21
	U
	√2
	1
	0.148

	C2-6
	RF leakage, test range antenna cable connector terminated.
	0.001
	Normal 
	1
	1
	0.001

	C2-7
	QZ ripple with DUT
	0.0928
	Normal
	1
	1
	0.0928

	C2-8
	test system frequency flatness
	0.25
	Gaus
	1
	1
	0.25

	C2-9
	Miscellaneous uncertainty
	0
	 Rect
	√3
	1
	0.000

	Stage 1: Calibration measurement

	C2-10
	Network Analyzer
	0.3
	Normal
	1
	1
	0.3

	C2-11
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.57
	U
	√2
	1
	0.403

	C2-12
	Insertion loss variation in receiver chain
	0.18
	Rect
	√3
	1
	0.104

	C2-13
	RF leakage, test range antenna cable connector terminated.
	0.001
	Normal
	1
	1
	0.001

	C2-14
	Influence of the calibration antenna feed cable
	0.29
	U
	√2
	1
	0.205

	C2-15
	SGH Calibration uncertainty
	0.52
	Rect
	√3
	1
	0.300

	C2-16
	Misalignment  positioning system
	0
	Exp. normal 
	2
	1
	0

	C2-17
	Misalignment  SGH and pointing error
	0.5
	Exp. normal
	2
	1
	0.25

	C2-18
	Rotary joints
	0
	U
	√2
	1
	0.000

	C2-5
	Standing wave between SGH and test range antenna
	0.09
	U
	√2
	1
	0.064

	C2-7
	QZ ripple with SGH
	0.009
	Normal
	1
	1
	0.009

	C2-20
	Switching uncertainty
	0.43
	Rect
	√3
	1
	0.248

	Combined standard uncertainty (1σ) [dB]
	2.5

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	4.9


12.5.2.3.3
MU per point Summary

Table 12.5.2.3.3-1: Test system specific measurement uncertainty values 

	
	Expanded uncertainty ue [dB]


	
	40 GHz < f ≦ 60 GHz

	Indoor Anechoic Chamber
	4.88

	Compact Antenna Test Range
	4.88

	…
	

	Common maximum accepted test system uncertainty
	4.9


12.5.2.4
Summation error

The summation error is based on a reasonable number of test directions and the minimum beam width, which is in turn dependent on antenna size and frequency. For FR2 BS the beams are expected to be narrower than an FR2 BS and hence the SE is higher. The SE value for FR2 is 1.2dB.

12.5.2.5
Test Tolerance
The conduced test tolerance for the mandatory spurious emissions requirements is zero. As the requirements are set by regulatory limits the same test tolerance is used for OTA.

TT=0.

12.5.2.6
Summary
For the frequency range 40 GHz < f ≦ 60 GHz  adding the MUperpoint and the SE we have:
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Hence we have the following MU values for the whole spurious emissions range:

Table 12.5.2.6-1: FR2 Spurious emissions MU and TT values
	Frequency range
	MU (dB)
	TT (dB)
	Comment

	30 MHz < f ≦ 6 GHz
	2.3
	0
	Same as FR1

	6 GHz < f ≦ 18 GHz
	2.7
	0
	same as FR2 in-band

	18 GHz < f ≦ 40 GHz
	2.7
	0
	FR2 in-band, subclause 12.x.x

	40 GHz < f ≦ 60 GHz
	5
	0
	 


--------------Next change-------------
Annex C:
Radiated transmit power measurement error contribution descriptions

C.1
Indoor Anechoic Chamber

C1-1 Positioning misalignment between the AAS BS and the reference antenna

This contribution originates from the misalignment of the manufacturer declared coordinate system reference point of the AAS BS and the phase centre of the reference antenna. The uncertainty makes the space propagation loss between the AAS BS and the receiving antenna at the AAS BS measurement stage (i.e. Stage 2) different from the space propagation loss between the reference antenna and the receiving antenna at the calibration stage (i.e. Stage 1).

C1-2 Pointing misalignment between the AAS BS and the receiving antenna

This contribution originates from the misalignment of the testing direction and the beam peak direction of the receiving antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam.

C1-3 Quality of quiet zone

This contribution originates from a reflectivity level of an anechoic chamber. The reflectivity level is determined from the average standard deviation of the electric field in the quiet zone. By repeating a free space VSWR measurement in 15° grid in elevation and azimuth, 264 standard deviation values in both polarizations are determined. From these values an average standard deviation of electric field in the quiet zone can be calculated from the equation:
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Where:
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 is the number of angular intervals in elevation,
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If an efficiency calibration with omni-directional calibration antenna is performed, the effect of reflectivity level decreases in Stage 1 (i.e. calibration measurement) and 
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 may be divided by factor 2. This is due to correcting impact of data averaging in this type of calibration. Efficiency calibration done with sampling step ≤ 30°, can be considered to have at least four independent samples. 
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 may be divided by factor 2 also in Stage 2 (i.e. AAS BS measurement) for the same reason.

It's likely that asymmetry of the field probe will have a very small impact on this measurement uncertainty contributor, however, an upper bound to probe symmetry should be considered.
C1-4 Polarization mismatch between the AAS BS/reference antenna and the receiving antenna

This contribution originates from the misaligned polarization between the AAS BS/reference antenna and the receiving antenna. 

C1-5 Mutual coupling between the AAS BS/reference antenna and the receiving antenna

This contribution originates from mutual coupling between the AAS BS/reference antenna and the receiving antenna. Mutual coupling degrades not just the antenna efficiency, i. e. the EIRP value, but it can alter the antenna's radiation pattern as well. For indoor anechoic chamber, usually the spacing between the AAS BS/reference antenna and the receiving antennas is large enough so that the level of mutual coupling might be negligible. 

C1-6 Phase curvature

This contribution originates from the finite far field measurement distance, which causes phase curvature across the antenna of AAS BS/reference antenna.
C1-7 Uncertainty of the RF measurement equipment

This contribution originates from limited absolute level accuracy and non-linearity of the measurement equipment. The measurement equipment such as a BS simulator , spectrum analyzer , or power meter  measures the received signal level in EIRP tests either as an absolute level or as a relative level. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-8 Test system frequency flatness

This uncertainty contribution to account for the frequency interpolation error caused by a finite frequency resolution during the calibration stage.
C1-9
Uncertainty of the LNA

To maintain a low noise figure for the measurement system (possibly considering the addition of a down conversion mixer for high frequencies) and LNA may be required. The variation in the gain of the LNA after the calibration procedure is accounted for in this uncertainty contribution
C1-10
Uncertainty of the Mixer

Higher frequency emissions beyond the upper frequency range of the measurement equipment require down converting prior to measurement.  The uncertainty introduced by the down conversion is accounted for in this uncertainty contribution.
C1-11
Impedance mismatch in the receiving chain

This contribution originates from multiple reflections between the receiving antenna and the power measurement equipment. The multiple reflections can produce an overall reflection that depends not only upon the individual reflections of each part but their reflective interactions as well. The combination loss by the overall reflection can be higher or lower than individual loss by multiple reflections. The combination loss is called the mismatch error and leads to the measurement uncertainty.
C1-12 Random uncertainty

The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference AAS BS without changing anything in the measurement set-up.

C1-13 Impedance mismatch between the receiving antenna and the network analyzer

This contribution originates from multiple reflections between the receiving antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the receiving antenna feed cable and the receiving antenna.

C1-14 Positioning and pointing misalignment between the reference antenna and the receiving antenna

This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain directions of the reference antenna and the receiving antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
C1-15 Impedance mismatch between the reference antenna and the network analyzer

This contribution originates from multiple reflections between the reference antenna and the network analyzer. After appropriate calibration, the network analyzer may not introduce impedance mismatch error, but the error still happens between the reference antenna feed cable and the reference antenna.
C1-16 Uncertainty of the network analyzer

This contribution originates from all uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-17 Influence of the reference antenna feed cable

In the calibration Stage 1, the influence of the calibration antenna feed cable is assessed by measurements. A measurement for calibration may be repeated with a reasonably differing routing of the feed cable. Largest difference among the results is entered to the uncertainty budget with a rectangular distribution.

C1-18 Reference antenna feed cable loss measurement uncertainty
Before performing the calibration, the reference antenna feed cable loss have to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced.

C1-19 Influence of the receiving antenna feed cable

If the probe antenna is directional (i.e. peak gain >+5 dBi, e.g. horn, LPDA, etc.) and the same probe antenna cable configuration is used for both stages, the uncertainty is considered systematic and constant ( 0.00 dB value.

In other cases a technical study should be done.

C1-20 Uncertainty of the absolute gain of the reference antenna

This contribution originates from the gain/efficiency uncertainty of calibration antenna that is employed in Stage 2 only. This uncertainty value will be indicated in the manufacturer's data in logs with a rectangular distribution, unless otherwise informed. This uncertainty value can be found in Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-21 Uncertainty of the absolute gain of the receiving antenna

The uncertainty appears in both stages and it is thus considered systematic and constant ( 0.00 dB value.
C.2
Compact Antenna Test Range

C2-1 Misalignment DUT/calibration antenna & pointing error

This contribution denotes uncertainty in DUT/calibration antenna alignment and DUT/calibration antenna pointing error.  In this measurement the DUT/calibration antenna is aligned to maximum, also allowing for a zero contribution for polarization mismatch uncertainty. By adjusting for maximums to align, this contribution can be a small contribution. The calibration antenna's phase centre and polarization purity changes slightly according to the frequency. Therefore, there should be some uncertainty reserved for this. To ensure that the point error is at a minimal, this contribution should be captured using the antenna pattern cut which is broadest (in the case of the DUT this would most likely be in the azimuth domain).

C2-2 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 Annex X and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C2-3 Uncertainty of the LNA

To maintain a low noise figure for the measurement system (possibly considering the addition of a down conversion mixer for high frequencies) and LNA may be required. The variation in the gain of the LNA after the calibration procedure is accounted for in this uncertainty contribution

C2-4
Uncertainty of the Mixer

Higher frequency emissions beyond the upper frequency range of the measurement equipment require down converting prior to measurement.  The uncertainty introduced by the down conversion is accounted for in this uncertainty contribution.

C2-5
Standing wave between DUT and test range antenna

This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and test range antenna. This value can be captured by moving the DUT towards the test range antenna as the standing waves go in and out of phase causing a ripple in measured gain.

C2-6 RF leakage (SGH connector terminated & test range antenna connector cable terminated)

This contribution denotes noise leaking in to connector and cable(s) between test range antenna and receiving equipment.  The contribution also includes the noise leakage between the connector and cable(s) between SGH/reference antenna and transmitting equipment.

C2-7
 QZ ripple DUT/calibration antenna

This is the quiet zone (QZ) ripple experienced by the AAS BS/calibration antenna during the measurement or calibration phase. The purpose of this component is to capture the contributions that the reflections from the walls, roof and floor that will add to the EIRP measurement. The sum of all these reflections from the walls, range reflector (if applicable), roof and floor will give the overall value for the QZ ripple. In other words, the uncertainty component from the wall will not be separated from the roof or the floor. The purpose of this uncertainty component is to capture the overall reflections from the chamber walls experienced by the AAS BS/calibration antenna. To capture the full effect of the QZ ripple a distance of  1λ should be measured from each of the AAS BS/calibration antenna physical aperture edges, i.e. total QZ distance = physical aperture length +2 λ, to ensure the full volume of the QZ is captured in the uncertainty measurement.
C2-8 Test system frequency flatness

This uncertainty contribution to account for the frequency interpolation error caused by a finite frequency resolution during the calibration stage.
C2-9 Miscellaneous uncertainty

The term 'miscellaneous uncertainty' is used to define all the unknown, unquantifiable, etc. uncertainties associated with EIRP measurements. This term should include truly random effects as well as systematic uncertainties, such as that arising from dissimilarity between the patterns of the reference antenna (SGH) and the DUT.

C2-10 Uncertainty of network analyser

a)
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 Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C2-11 Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)

This uncertainty is the residual uncertainty contribution coming from multiple reflections between the receiving antenna and the test receiver equipment. This value can be captured through measurement by measuring the S11 towards the receive antenna and also towards the test receiver. The mismatch between the antenna reflection and the receiver reflection can also be calculated. If the same cable is used for calibration Stage 1, this can be considered systematic and negligible.

C2-12 Insertion loss of receiver chain

This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable.  If this cable does not change/move between the calibration Stage 1 and the measurement Stage 2, the uncertainty is assumed to be systematic and negligible during the measurement stage. Alternatively, the insertion loss can also be calculated by taking the measurement of the cable where port 2 is the end of the cable connected to the AAS BS or calibration antenna.


IL = -20log10|S21| dB

C2-14 Influence of the calibration antenna feed cable

a)
Flexing cables, adapters, attenuators, extra path loss cable & connector repeatability.

During the calibration phase this cable is used to feed the calibration antenna and any influence it may have upon the measurements is captured. This is assessed by repeated measurements while flexing the cables and rotary joints. The largest difference between the results is recorded as the uncertainty.

C2-15 Uncertainty of the absolute gain of the calibration 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 Annex E and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C2-16 Misalignment positioning system

This contribution originates from uncertainty in sliding position and turn table angle accuracy. If the calibration antenna is aligned to maximum this contribution can be considered negligible and therefore set to zero.

C2-17 Misalignment  SGH and pointing error

C2-18 Rotary Joints

If applicable the contribution of this uncertainty the accuracy in changing from azimuth to vertical measurements.

C2-20 Switching Uncertainty

The purpose of the switching unit is to switch electromechanically different RF path to different measurement instruments of different measurement modes. The electromechanical switching clearly reduces the errors arising from manual switching work. Switching is also used to measure the path loss values of each polarization component.  Even though the electromechanical switching is preferable during path loss and antenna performance measurements, some minor uncertainties can occur when the switch states are programmed to change their polarity.

--------------End of change-------------
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