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1. Introduction
At the last RAN4 meeting (RAN4#104-E) aspects related to extending NR BS RF conformance test specification (TS 38.141-2) up to 71 GHz were discussed. The outcome from the discussion is captured in two way-forward documents [1, 2]. Both documents hold agreements and guidance to stimulate discussion at this meeting. Agreements made at last meeting have been captured in draft CR for TS 38.141-2 in companion contributions [3, 4, 5].  
To complete the work to extend the support to 71 GHz measurement uncertainty should be evaluated per test method as described in TR 37.941 for AAS BS conformance testing. Increasing OTA testing up to 71 GHz for in-band requirements and 142 GHz for out-of-band requirements require test method feasibility and test procedures to be checked. In a companion contribution [6] we provide some input for discussion on how to capture relevant technical information for FR2-2 in TR 37.941. The additions provided is limited to measurement of EIRP (required for radiated transmit power requirement) in a Compact Antenna Test Range (CATR). Later similar type of information needs to be added also for uplink requirements and emission requirements. 
In this contribution we continue the work initiated in [9] to provide input for discussion to resolve general open issues and propose solutions to advance in the discussion with the goal to complete the performance work. In companion contributions [7, 8] we provide detailed information specific for transmitter and receiver conformance test aspects. 

2. Discussion
In this section general aspects related to the work to extend the conformance test specification up to 71 GHz is discussed. The focus now is on how to derive the measurement uncertainty (MU) required to establish Test Tolerance (TT) needed to set conformance test requirement level for a specific requirement. 
Based on agreements at previous meeting and input to this meeting a package of draft CRs for TS 38.141-2 have been provided in companion contributions to this meeting.
1. To TS 38.141-2 a draft CR to clause 4 with general information and additions required for FR2-2 is provided in [5].
2. To TS 38.141-2 a draft CR to clause 6 is provided with additions required for transmitter requirements is provided in [3].
3. To TS 38.141-2 a draft CR to clause 7 is provided with additions required for receiver requirements is provided in [4].
4. To 37.941, a draft CR with information relevant for measuring EIRP in CATR is provided is provided in [6].
The intention with all draft CRs is to stimulate discussion and collect information, which could be used as a baseline for coming “big” CRs to TR 37.941 with technical background information and requirement updates to TS 38.141-2. The draft CRs gives a good picture of the editorial impact on current documents as well as guidance on what needs to be done to complete the work. 

2.1 Measurement uncertainty evaluation approach
Traditionally for FR1 and FR2-1 (except for band n262) the procedure to evaluate measurement uncertainty have been based on a concept where the OTA test method is described in detail, including chamber, test equipment block diagram, calibration procedure, test procedure description and MU evaluation. All technical background information is captured in TR 37.941. 
The details related to how conduct the MU evaluation is described in TR 37.941, sub-clause 5.2.
It can be noticed that an exception to the normal procedure was allowed for the introduction of band n262 defined in the frequency range 43.5 to 48.2 GHz. For n262 an extension of previous work was required to cover the complete band. Therefore, for this situation an approach based on extrapolation was used. For this specific situation the following statement is captured for the frequency range 43.5 to 48.2 GHz:
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.
This statement was added when FR2-1 was extended to account for the introduction of band n262 (47200 to 48200 MHz). The general technical background for introduction of band n262 is captured in TR 38.847.
For the extension of FR2 into FR2-2, the extrapolation method is not suitable due to the fact that frequency separation between 48.2 GHz and 57 GHz is too large to use linear approximation. Specifically, a small error in the FR2-1 MU values will be amplified when extrapolated to FR2-2. For FR2-2, its more suitable to consider individual MU for each relevant test method and test requirement as described in TR 37.941, sub-clause 5.2. 
It can be noticed that many MU contributions for a described test method if applicable for FR2-2 will stay constant since the physical size of the test chamber reduces as function of much higher frequencies. While other MU contributions, such as common test equipment, increase as function of frequency. 
Proposal 1: For FR2-2 follow MU evaluation approach described in TR 37.941, sub-clause 5.2.

Observation: MU uncertainties related to OTA test chamber environment seems to not increase as function of frequency, since the chamber gets smaller physically. While MUs for standalone test equipment, e.g., Spectrum Analysers, Power Meters, seem to increase as function of frequency.

2.2 Composite measurement equipment
Moreover, MU of test equipment can be kept under control if additional calibration procedures are implemented, such as calibrating an SA with higher MU with a PM with lower uncertainty. To keep the changes in the 3GPP documents as simple as possible a composite test equipment concept can be used. For example, if an SA for FR1 is used and a Down Converter (DC) is used to conduct measurements at FR2-2, then the MU of the calibrated composite SA and DC could be used in the MU tables of TR 37.941. The calibration, using e.g. a Power Meter, is performed on the FR2-2 frequency. For lower bands the Composite SA can be an off-the-shelf SA, whereas at higher frequencies the Composite SA would include needed frequency conversion devices. 
Proposal 2: In TR 37.941 describe usage of standard test equipment with up/down converters test setup, test procedure and MU evaluation.
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Figure 2.2-1: Examples of a Composite Signal Generator (CSG) and a Composite Signal Analyzer (CSA) comprising an Up Converter (UC) and Down Converter (DC), respectively.
The corresponding calibration setup is shown in Figure 2.2-2. When using a PM it is important to check that it is working within its dynamic range and also that the signal used, to calibrate the power level, is clean and free of emissions. The latter is typically checked with the SA during the calibration. If necessary, filters might need to be added.
[image: ]
Figure 2.2-2 Calibration setup using CSG and CSA. Here S is e.g., a switch or a power divider with known characteristics.
Prerequisites for calibration of a composite device:
· Clean signal: The RF-spectrum of the calibration signal is within the desired frequency range, otherwise the broadband PM will pick up too much power.

· Dynamic range: The calibration signal falls within the dynamic range of the PM, otherwise the MU of the PM is poor.

· Matching losses and/or losses due to switching or dividing the signal is handled. 

Observation: Measurements at higher frequencies call for use of composite test equipment including frequency converters etc and adequate calibration procedures to keep decent MU levels.
Observation: Spectrum analysers and power meters in combination are useful to control relative and absolute power levels with decent accuracy.
Proposal 3: MUs for measurement equipment at higher frequencies should reflect the use of calibrated composite test equipment.
2.3 Calibration of OTA chamber including up/down converters
In TR 37.941, OTA test chambers are calibrated using the substitution method. With this method the OTA chamber transfer function is calibrated using a calibration antenna with known gain (e.g., standard gain horn) and an VNA. A schematic for a downlink measurement is shown in Figure 2.3-1.
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Figure 2.3‑1 Downlink measurement with a Composite SA, possibly including a down converter and low frequency SA.
The corresponding calibration procedure, see Figure 2.3-2, could also need mixer stages such as a Down Converter (DC) and Up Converter (UC), in which case the calibration setup uses a Composite Vector Network Analyzer (CVNA), see Figure 2.3-2. Note that the UC and DC are typically put in the chamber and close to the calibration antennas (SGHs) to minimize high losses at RF (here FR2-2). At the lower IF, longer cables can be used to separate the VNA well (preferably outside the OTA chamber) from the RF parts in the OTA chamber. The CVNA is calibrated by an RF calibration kit.
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Figure 2.3-2 Substitution method calibration setup using a CVNA, e.g., comprising a DC, SA, and UC.

2.4 Common test equipment measurement uncertainty
Since the OTA chamber scales with frequency, details to the MU evaluation tends to be constant, while the performance of common test equipment tend to degrade as function of higher frequencies.
Based on information relevant for common test equipment, such as Vector Network Analyzer (VNA), Spectrum/Signal Analyzer (SA), Power Meter (PM) and Signal Generator (SG) an overview of previously assumed measurement uncertainties used for measurement uncertainty (MU) evaluation for FR1, and FR2-1 is also relevant for establishing measurement uncertainties for FR2-2.
In Figure 2.4-1, MU values for standard test equipment assumed for FR2-1 MU evaluation for BS RF in TR 37.941 is summarised.
Table 2.4-1: Standard test equipment measurement uncertainty defined for FR2-1
	
	Measurement uncertainty
(dB)

	Test equipment
	3 < f < 26 (GHz)

	37 < f < 43.5 (GHz)
	43.5 < f < 60 (GHz)

	Vector Network Analyzer (VNA)
	0.20 (Note 1)
	0.30
	0.30

	Spectrum/Signal Analyzer (SA), Power Meter (PM)
	0.20 to 0.37 (Note 1)

	0.70
	0.60

	Signal Generator (SG)
	0.46 (Note 2)

	0.90
	Not defined

	Note 1: Values used for FR2-1 MU evaluation in TR 37.941.
Note 2: Values used for FR1 MU evaluation in TR 37.941.



It can be noticed that values up to 60 GHz is provided for VNA and SA/PM, which can be also used for FR2-2 MU evaluation. For frequencies below FR2-1, MU values for FR1 can be used for FR2-2 out-of-band requirements. A more detailed information can be found in TR 37.941. 
In TR 37.941, for FR1 and FR2-1 the MU for SA and PM seems to be set to the same value. In reality, the MU related to absolute power level of a PM is always much lower compared to a SA. For FR2-2 it would be beneficial to differentiate the MU for PM and SA to enable for usage of calibrated composite test equipment.
Observation: MU values up to 60 GHz already defined for FR1 and FR2-1 in TR 37.941 can be used as base line for FR2-2 for MU evaluation below 60 GHz. 
For FR2-1 MU values it can be noticed that the signal generator MU is a large contributor to total expended MU for a specific combination of uplink test requirement and test method. The signal generator is used for uplink measurement to generate modulated wanted signal and interferer signals. It is reasonable to allow for larger MU for the signal generator since experience gives that the absolute power accuracy degrade as function of larger modulation bandwidths and carrier frequency. 
For the case where the PM MU is lower than the SA MU and SG MU, an intermediate calibration stage can be included in the test setup description. In this case, the MU from the PM shall be used instead of the MU for SA and SG in the MU evaluation. For FR1 and FR2-1, this approach seems not been used. But for FR2-2, the contribution from SA and SG tends to be dominating the MU evaluation, which requires additional calibration to be included. 
Observation: For the downlink the expanded MU can be improved by calibration of the SA absolute accuracy using a PM.
Observation: For the uplink the expanded MU can be improved by calibrating the SG absolute accuracy using a PM.
To be able to cover the band of interest, 57 to 71 GHz (band n263), and the out-of-band region for spurious emission and out-of-band blocking, additional new information is required for FR2-2. The information needs to be captured in TR 37.941, using the framework for evaluating MU developed for OTA AAS requirements. The out-of-band region reach up to 2nd harmonic, which corresponds to 142 GHz for FR2-2. 
In Table 2.4-2 we provide initial information on MU for common test equipment based on experience in OTA test laboratories. The MU values are presented as standard uncertainty, i.e., 1s values. Looking at connector interfaces at standard test equipment it seems natural to have a break at 71 GHz, since at frequencies above 71 GHz waveguide interfaces seems to be dominating 
Table 2.4-2: Standard test equipment standard uncertainty (1 sigma) required for FR2-2
	Test equipment
	60 < f < 71 GHz
(dB)
	71 GHz< f ≤ 142 GHz
(dB)

	Vector Network Analyzer (VNA)
	0.40
	1.00

	Spectrum/Signal Analyzer (SA)
	0.70
	1.20

	Power Meter (PM)
	0.30
	0.50

	Signal Generator (SG)
	1.20
	1.50



For standard test equipment uncertainty related to mismatch uncertainty is accounted for in a separate MU in the overall MU evaluation per test method and test requirement. Therefore, mismatch is not included in values presented above. 

Proposal 4: We propose to consider MU values for common test equipment in Table 2.4-1 and Table 2.4-2 as baseline for FR2-2 MU evaluation work.

2.5 MU related to EIRP measurement in CATR
Based on the MU evaluation concept described in TR 37.941, the expanded MU for EIRP measured in a CATR have been evaluated. The results for this MU evaluation are relevant for all directional transmitter requirements including radiated transmit power requirement. 
Based on details presented in previous sections in this document the expanded MU for EIPR in CATR is evaluated in Table 2.5-1. 
In this work the following assumptions was considered:
1. The MU contributions related to the OTA environment is kept constant from MU evaluation relevant for FR2-1 for EIRP measured in CATR. The reason in that the chamber physical dimensions will scale down as function of frequency. This would result in stricter mechanical tolerances, but that would not automatically translate to larger MU. Experiences shows that MU values for the OTA test environment can be re-used from FR2-1.

2. The MU contributions related standard test equipment, such as SA and VNA is assumed to following proposed values in Table 2.4-2. 

3. An additional intermediate calibration is added to improve MU for absolute power level measurement using a power meter. Therefore, the MU value relevant for the power meter is used instead of the SA MU. Additional MUs from this calibration are assumed to be small.
Table 2.5-1: 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)
	0.886

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.738



It can be noticed that the MU for FR2-2 is lower than for FR2-1. This is due to the additional intermediate calibration of the SA absolute power accuracy. 

Proposal 5: For FR2-2 EIRP measurements in CATR adopt MU evaluation presented in Table 2.5-1.

For complete ness of TR 37.941 a draft CR with MU table and some additional information is provided in a companion contribution [6].





3. Conclusion
In this contribution we provided information relevant for progressing the work to update TS 38.141-2 with support for NR operation up to 71 GHz. 
Detailed information related to how to proceed the work to define relevant MU values for FR2-2 is presented in this contribution. 
As input for MU evaluation for all test requirements, MU values for standard test equipment (such as VNA, SA, PM and SG) is presented for discussion. 
For EIRP measurements in CATR, a complete MU evaluation based on FR2 is presented. 

The following proposals are presented for approval:
Proposal 1: For FR2-2 follow MU evaluation approach described in TR 37.941, sub-clause 5.2.
Proposal 2: In TR 37.941 describe usage of standard test equipment with up/down converters test setup, test procedure and MU evaluation.
Proposal 3: MUs for measurement equipment at higher frequencies should reflect the use of calibrated composite test equipment.
Proposal 4: We propose to consider MU values for common test equipment in Table 2.4-1 and Table 2.4-2 as baseline for FR2-2 MU evaluation work.
Proposal 5: For FR2-2 EIRP measurements in CATR adopt MU evaluation presented in Table 2.5-1.

To further stimulate discussion four draft CRs have been provided to TS 37.941 and TR 38.141-2 with draft additions required for the introduction of FR2-2 in TS 38.141-2.
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