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1.	Introduction
Some of MU terms for spurious emission test cases are TBD though the original target date was over. In this paper we propose some remaining MU elements for spurious measurement uncertainties. Note that quality of quiet zone for spurious emission test case is treated in the separated paper [7].
2.	Discussion
2.1	Uncertainty of the RF power measurement equipment
For this term, as the main factor of this term is spectrum analyzer’s absolute power uncertainty, then we can use the same number as for in-band when the frequency is similar.  Measurement uncertainty data from actual SAs like [1], [2] and [3] are shown below, quoting the data-sheet available in their web sites.
[1] 
[image: ]

[2] 
(Represented with baseline uncertainty for 50MHz + frequency response)
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 [3] 
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For 23.45GHz <= f <= 40.8GHz, we propose to apply the same values as for in-band measurement. Note that, this value was not met by [1], [2] or [3] for their specifications. ([1] partly meet it).
[bookmark: p211]Proposal 2.1.1: For “Uncertainty of the RF power measurement equipment “ for spurious emission for IFF, apply 2.16 dB for 23.45GHz <= f <= 40.8GHz
For 6Ghz <= f <= 12.75GHz, our proposal is still to apply the specification values. Seeing the balance of each spec, we propose 2.0dB for this frequency range.
[bookmark: p212]Proposal 2.1.2: For “Uncertainty of the RF power measurement equipment “ for spurious emission for IFF, apply 2.0 dB for 6GHz <= f <= 12.75GHz
For 12.75Ghz <= f <= 23.45GHz, our proposal is still to apply the specification values. However, some values from [2] and [3] are already bigger than 2.16dB. So, we propose to apply the same level as in-band frequency, which is 2.16dB for 12.75GHz to 23.45GHz.
[bookmark: p213]Proposal 2.1.3: For “Uncertainty of the RF power measurement equipment “ for spurious emission for IFF, apply 2.16 dB for 12.75GHz <= f <= 23.45 GHz
For frequencies above 40.8GHz <= f <= 66GHz, [1] and [2] show specification values, but [3](Anritsu) does not have specs(only norm value up to 44.5Ghz).  With our internal study specific to conformance test system, our view is 2.9dB is the estimated uncertainty, which is close to the value in [1].
[bookmark: p214]Proposal 2.1.4: For “Uncertainty of the RF power measurement equipment “ for spurious emission for IFF, apply 2.9 dB for 40.8GHz <= f <= 66 GHz

2.2	Amplifier Uncertainty
The values for in-band measurement was discussed in [4] and calculated with 0.0565 dB/ºC * (55-18)ºC = 2.1 dB based on the some investigation of commercially available amplifiers as quoted below. 
Table 1: Examples of amplifier gain variation with temperature at mmWave frequencies
	Manufacturer
	Model
	Amplifier type
	Frequency range [GHz]
	Output P1dB [dBm]
	Gain [dB]
	Temperature operating range [ºC]
	Gain variation with temperature in the operating range 

	RF-Lambda
	RLNA26G40GB
	Connectorized
	20-40
	(15, 22)
	(37, 45) 
	(-45, +55)
	± 3 dB
	± 0.03 dB/ºC

	RF-Lambda
	RFLUPA20G47GA
	Connectorized
	20-47
	(22, 24)
	(31, 38)
	(-45, +85)
	± 3 dB
	± 0.023 dB/ºC

	Analog Devices
	HMC5805ALS
	SMD part
	DC-40
	(19, 24.5)
	(9, 12.5)
	(-40, +85)
	 ± 3.125dB
	± 0.025 dB/ºC

	Analog Devices
	HMC943APM5E
	SMD part
	24-34
	(29, 33)
	(20.5, 23)
	(-40, +85)
	± 5 dB
	± 0.04 dB/ºC

	Keysight Technologies
	83050A
	Connectorized
	2-50
	13
	21
	(0, 55)
	± 4.95 dB
	± 0.09 dB/ºC



For spurious emission test case, the same reasoning can be applied. We propose to apply 2.1dB for  6GHz <= f <= 66GHz (as 83050A covers 2-50GHz). 
[bookmark: p221]Proposal 2.2.1 : For “Amplifier uncertainty” for spurious emission for IFF, apply 2.1dB for 40.8GHz  <=  f <= 66GHz
[TBD for 66GHz and above]. 
2.3	Random Uncertainty
There was no special technical basis for this value for this term. Mainly this term includes some other MU factors like repeatability. In in-band measurement, 0.5dB was used. As we don’t have clear reason to change this value to different value for spurious emission test case, we propose the same value for spurious emission test for entire frequency range.
[bookmark: p231]Proposal 2.3.1 : For “Random Uncertainty” for spurious emission for IFF , apply 0.5dB for 6GHz <= f <= 80GHz
2.4	Influence of XPD
In in-band measurement, -25dB XPD is assumed. In spurious-emission test case, it can be assumed that wider frequency(6- 80GHz) range needs to be measured using one or more measurement antennas, depending on the implementation strategy considering the balance of e.g. TE cost, complexity, dynamic range, accuracy. As XPD depends on the relative frequency bandwidth of the antenna coverage, our view is that XPD can become worse than in-band antenna if we think about the balance of number of antennas vs cost/complexity etc. With our view, -15dB XPD is reasonable assumption for calculating influence of XPD for spurious emission, which can be calculated by  [dB].
[bookmark: p241]Proposal 2.4.1 : For “Influence of XPD” for spurious emission for IFF, apply 0.14 dB for 6GHz <= f <= 80GHz
2.5	Misalignment of positioning System
This term is derived from the positioner stop accuracy, and the amount of uncertainty depends on the HPBW of the measurement antenna.  In in-band measurement, this term is considered as ignorable level hence 0.0dB was adopted. Selection of HPBW for spurious measurement antenna is up to TE implementation strategy, balancing mainly about dynamic range and accuracy (e.g. QoQZ) etc. With our view, the HPBW of measurement antennas for spurious emission in the practical implementation can still kept wide enough to regard this term keep ignorable.
[bookmark: p251]Proposal 2.5.1 : For “Misalignment of positioning system “ for spurious emission for IFF, apply 0.0 dB
2.6	Uncertainty of the Network Analyser
Only the value for frequencies same as in-band measurement (23.45~40.8GHz) is set as TBD. If the spurious and in-band measurement are measured using the common path, the same value as for in-band should be applied. If independent/dedicated path for spurious measurement from in-band measurement is used, as typically the path loss will be smaller in such dedicated path, then the network analyzer uncertainty could be decreased for some level. But still, the same value as for in-band can be used as worst case values. 
[bookmark: p261]Proposal 2.6.1 : For “Uncertainty of the Network Analyser” for spurious emission for IFF, apply 0.73 dB for 23.45 <= f <= 40.8GHz
2.7	Uncertainty of the absolute gain of the calibration antenna
This term is agreed in the previous meeting with 1.7dB for above 40.8GHz, however it is still not determined for f <= 40.8GHz. As this term depends on the performance of antenna calibration labs, we need to see the actual achievable uncertainties from the various calibration labs.
Some uncertainties are investigated and are shown in Table 1. There are several calibration methods such as SAE ARP958, ANSI C63.5, CISPR 16-1-6 and some minor variations and different uncertainties are listed even in the same calibration labs.
Table 1 Performance of antenna calibration labs
	Lab
	Source
(Scope document, certification document, etc)
	method
	Low[GHz]
	High[GHz]
	Uncer(k=2)

	A
	A2LA 2123.01
	SAE ARP 958, d=1m
	0.7
	50
	0.45

	A
	A2LA 2123.01
	SAE ARP 958, d=3m
	0.7
	50
	0.48

	A
	A2LA 2123.01
	ANSI C63.5, CISPR 16-1-6, standard site method, three antenna method, d=1m,3m
	0.7
	18
	0.37

	A
	A2LA 2123.01
	ANSI C63.5, CISPR 16-1-6, standard site method, three antenna method, d=1m,3m
	18
	26.5
	0.42

	A
	A2LA 2123.01
	ANSI C63.5, CISPR 16-1-6, standard site method, three antenna method, d=1m,3m
	26.5
	50
	0.47

	B
	A2LA 2067.01
	SSM per ANSI C63.5, TAM per CISPR 16-1-16
	0.8
	18
	1.1

	B
	A2LA 2067.01
	SSM per ANSI C63.5, TAM per CISPR 16-1-16
	18
	40
	1.1

	B
	A2LA 2067.01
	SAE ARP 958
	0.8
	18
	1.2

	B
	A2LA 2067.01
	SAE ARP 958
	18
	40
	1.4

	C
	Calibration certification
	ANSI C63.5, SSM d=3m
	1
	10
	1.5

	C
	Calibration certification
	ANSI C63.5, SSM d=3m
	10
	18
	1.8

	C
	A2LA 2127.01
	ANSI C63.5, SSM, CSISPR 16-1-6(TAM), Network Analyzer
	1
	20
	0.37

	C
	A2LA 2127.01
	ANSI C63.5, SSM, CSISPR 16-1-6(TAM), Spectrum Analyzer
	1
	20
	1.2

	D
	NVLAP 100290-0
	ANSI C63.5, SSM, d=3m
	2.6
	12
	1.4

	D
	NVLAP 100290-0
	ANSI C63.5, SSM, d=3m
	12
	18
	1.4

	D
	NVLAP 100290-0
	ANSI C63.5, SSM, d=3m
	18
	26.5
	1.8

	D
	NVLAP 100290-0
	ANSI C63.5, SSM, d=3m
	26.5
	40
	2.3

	E
	A2LA 1266.02
	ANSI C63.5, SAE ARP958 Rev. D, CISPR 16-1-6, d=1m
	1
	18
	0.96

	F
	UKAS 0452
	d=1m and 3m
	1
	18
	1.5

	F
	UKAS 6742
	CSISPR 16-1-6, EN 55016-1-6, Reference Antenna Method, freespace 10m or 3m factors
	0.8
	18
	1.5

	G
	A2LA 2941.01
	SAE ARP958, ANSI C63.5
	1
	18
	1.3

	H
	A2LA 1207.01
	SAE ARP958
	2
	8
	0.93

	H
	A2LA 1207.01
	SAE ARP958
	8
	18
	0.97

	H
	A2LA 1207.01
	SAE ARP958
	18
	40
	1.3

	H
	A2LA 1207.01
	ANSI C63.5, SSM
	1
	40
	0.5

	H
	A2LA 1207.01
	CISPR 16-1-6, SSM
	1
	18
	0.97



A2LA scope document can be referred in [5]. Also, UKAS documents can be referred in [6]. 
It is noted that A2LA scope document lists the smallest uncertainty for the laboratory achievable with nearly ideal condition, and all the documents indicate that the actual MU will become bigger by following notes. Actually, we confirmed some laboratories provided the bigger values than A2LA scope document in the certification document(e.g. lab C in Table 1)
-----
[image: ]
-----
We see different values ranged from 0.37dB to 2.3dB in Table 1. There are some freedoms of choice for TE vendors/Test Labs to which calibration labs to use. However, considering some operational aspects such as downtime, calibration cost, etc…, we don’t need to apply the world champion value which is possible only in specific calibration sites in specific location. Hence, seeing the distribution of uncertainties in the actual calibration labs, we propose to apply 1.0dB (mid value) as reference antenna gain uncertainty.
[bookmark: p271]Proposal 2.7.1 : For “Uncertainty of the absolute gain of the calibration antenna” for spurious emission for IFF, apply 1.0 dB for 6GHz <= f  <= 40.8GHz 
We now think that the currently applied value for in-band measurement, which is 0.6dB, is it too small to be used for determination of MTSU as it can be considered as a world champion value for actual uncertainty. Hence, we propose to update the in-band reference antenna gain to 1.0dB as well.
[bookmark: p272]Proposal 2.7.2 : Update the “Uncertainty of the absolute gain of the calibration antenna” for in-band measurement (23.45 GHz <= f <= 40.8Ghz) to 1.0dB.
2.8	Positioning and pointing misalignment between the reference antenna and the measurement antenna
This MU term means how well the reference antenna and measurement antenna aligns in the calibration stage, and is expected to depend on the positioner or AUT fixture positioning accuracy, and also the HPBW of reference antenna. Especially, for the case of spurious emission measurement, offset antenna can be used, and in that case the difference of antenna gain of reference antenna from its calibrated gain is the matter as depicted in Figure 1.
[image: ]
Figure 1 Impact of positioning and pointing misalignment for offset antenna
With our analysis, if such gain difference of reference antenna is not considered in calibration stage then the MU from this term can become bigger because the antenna beam slope is steeper at the side of the peak. One example, assuming +/-0.5deg as positioner/fixture angular uncertainty, and 25dBi SGH(standard gain horn) is shown in following Figure 2. 
[image: ]
Figure 2 Reference antenna gain (25dBi SGH)
The width of red box is +/- 0.5deg, and height of red box means the gain difference inside +/- 0.5deg angular error. From the above example, when offset antenna is located at 5deg offset, +/- 0.83dB error for the reference antenna gain is possible. Our view is that when to utilize the offset antenna, it is necessary to change the direction of AUT to align its peak to offset measurement antenna so that this kind of uncertainty is eliminated. If such manipulation is adopted in calibration stage, then the residual uncertainty can be considered to be same as that for measurement antenna at the focal point. Assuming, 25dBi standard gain horn, and +/- 0.5deg angular accuracy, we propose +/- 0.05dB for spurious emission.
[bookmark: p281]Proposal 2.8.1: For “Positioning and pointing misalignment between the reference antenna and the measurement antenna” for spurious emission for IFF, apply +/- 0.05dB

2.2	Assumption 
	#1
	Assumption 
	Description

	#2
	Frequency ranges under consideration
	6 GHz to 80 GHz

	#3
	Size of QZ for IFF
	30 cm

	#5
	Power range for EIRP measurements considered at the conducted reference plane
	N/A

	#6
	Temperature variation impact
	+18 to +28 degrees C or +15 to +25 degrees C

	#7
	UE power class
	N/A

	#9
	Characterization for QoQZ for spurious measurements
	N/A


(Ref. R5-185986 for each assumption.)

3. Conclusion
In this contribution, we give the analysis and proposals for some remaining MU terms for spurious emission test case.
RAN5 is asked to endorse following proposals.
Proposal 2.1.1: For “Uncertainty of the RF power measurement equipment “ for spurious emission for IFF, apply 2.16 dB for 23.45GHz <= f <= 40.8GHz
Proposal 2.1.2: For “Uncertainty of the RF power measurement equipment “ for spurious emission for IFF, apply 2.0 dB for 6GHz <= f <= 12.75GHz
Proposal 2.1.3: For “Uncertainty of the RF power measurement equipment “ for spurious emission for IFF, apply 2.16 dB for 12.75GHz <= f <= 23.45 GHz
Proposal 2.1.4: For “Uncertainty of the RF power measurement equipment “ for spurious emission for IFF, apply 2.9 dB for 40.8GHz <= f <= 66 GHz
Proposal 2.2.1 : For “Amplifier uncertainty” for spurious emission for IFF, apply 2.1dB for 40.8GHz  <=  f <= 66GHz
Proposal 2.3.1 : For “Random Uncertainty” for spurious emission for IFF , apply 0.5dB for 6GHz <= f <= 80GHz
Proposal 2.4.1 : For “Influence of XPD” for spurious emission for IFF, apply 0.14 dB for 6GHz <= f <= 80GHz
Proposal 2.5.1 : For “Misalignment of positioning system “ for spurious emission for IFF, apply 0.0 dB
Proposal 2.6.1 : For “Uncertainty of the Network Analyser” for spurious emission for IFF, apply 0.73 dB for 23.45 <= f <= 40.8GHz
Proposal 2.7.1 : For “Uncertainty of the absolute gain of the calibration antenna” for spurious emission for IFF, apply 1.0 dB for 6GHz <= f  <= 40.8GHz 
Proposal 2.7.2 : Update the “Uncertainty of the absolute gain of the calibration antenna” for in-band measurement (23.45 GHz <= f <= 40.8Ghz) to 1.0dB.
Proposal 2.8.1: For “Positioning and pointing misalignment between the reference antenna and the measurement antenna” for spurious emission for IFF, apply +/- 0.05dB
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? Calibration and Measurement Capability Uncertainty (CMC) is the smallest uncertainty of measurement
that a laboratory can achieve within its scope of accreditation when performing more or less routine
calibrations of nearly ideal measurement standards of nearly ideal measuring equipment. CMCs
represent expanded uncertainties expressed at approximately the 95 % level of confidence, usually
using a coverage factor of £ = 2. The actual measurement uncertainty of a specific calibration
performed by the laboratory may be greater than the CMC due to the behavior of the customer’s device
and to influences from the circumstances of the specific calibration.
3 Field calibration service is available for this calibration and this laboratory meets A2LA R104 — General
Requirements: Accreditation of Field Testing and Field Calibration Laboratories for these calibrations.
Please note the actual measurement uncertainties achievable on a customer's site can normally be
expected to be larger than the CMC found on the A2LA Scope. Allowance must be made for aspects
such as the environment at the place of calibration and for other possible adverse effects such as those
caused by transportation of the calibration equipment. The usual allowance for the uncertainty
introduced by the item being calibrated, (e.g. resolution) must also be considered and this, on its own,
could result in the actual measurement uncertainty achievable on a customer’s site being larger than the
CMC.
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