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1. Introduction
At the last RAN4 meeting (RAN4#104-bis-E) BS RF conformance aspects relevant for FR2-2 extension was discussed. The outcome from last meeting is captured in 4 separate way-forward contributions [2, 3, 4, 5]. Extending NR to support up to 71 GHz requires careful studies of feasible test methods, test equipment, test setup and calibration procedures. Test concepts developed for FR2 can be used as baseline. In some cases, adaptation such as addition of amplifiers, up/down converters and additional calibration approaches will be required to achieve relevant and reasonable measurement uncertainties guarantee robust a robust 3GPP test specification. 
In this contribution we provide additional information relevant for OTA conformance testing when FR2-2 is introduced in TS 38.141-2. 

2. Discussion
From the discussion last meeting guidance on following topics can be found in way-forwards contributions:
· In [3] a list of MU contributions which requires further considerations with respect to the frequency range FR2-2 is captured. 
· In [2] a list of MU values defined in TR 37.941 is summarised. The intention is to use these values as baseline for the MU evaluation required for FR2-2.
· In [4] aspects related to OTA chamber applicability is captured.
· In [5] a work-split agreed last meeting is captured. The work split divide the specification draft work between companies. 
Following the work-split in [5] we have provided a draft CR to TS 38.141-2, clause 4 [6] and draft CRs required to capture technical background information for EIRP in CATR and EIS in CATR in TR 37.941 [7, 8].
In following sections, we present some details to aspects identified in previous way-forwards.

2.1		Improvement of absolute power level MU
In this section an additional calibration stage is added to improve the measurement uncertainty related to absolute power levels in relation to power level measurement and generation of test signal for reference sensitivity. For RF measurements, the detector in a power meter (PM) typically has lower absolute power uncertainty compared to a spectrum analyser/signal analyser (SA). The SA relative measurement uncertainty is typically very low, while absolute measurement uncertainty is significantly higher. Also, for a signal generator (SG) required to produce the test signal for receiver requirements tend to have high uncertainty with respect to absolute power level for high RF signals with the large carrier bandwidths defined for FR2-2. 
The general principle is to add an additional calibration stage using a PM to characterize the absolute power measured by the SA or generated power level by the SG. If this is done correctly, the measurement uncertainty related to the PM can be used instead of values associated to SA and SG in measurement uncertainty evaluation for radiated transmit power, BS output power and reference sensitivity, as described below. 
For calibration of absolute power in transmitter test setups a power meter is included as described in Figure 2.1-1.
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Figure 2.1-1: Measurement setup for transmitter requirements using a Power Meter (PM)
S is a power slitter or switch which is used to feed both SA and PM with the signal produced by the test object. 
It is important to adjust the Amplifier/Attenuator (Amp/Att) to ensure the PM and the SA operate within their dynamic ranges. The SA is used to ensure that the power spectrum is as expected, i.e., a clean signal with low interference levels. Additional RF filters may be needed to guarantee low measurement uncertainty. 
The additional calibration is visualized in Figure 2.1-2. 
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Figure 2.1-2: Calibration setup for transmitter measurement
The goal with the calibration is to characterize the loss from A to C and use the Power Meter reading at C to retrieve the radiated power (EIRP) level at A. The calibration procedure is as follows:
1. Measure the loss from D to C with a VNA
2. Get the Gain of the SGH from a calibrated gain measurement
3. Measure the reflection coefficient  at the input D of the SGH
4. Calculate the loss from A to C as
 	(Linear units)
	(dB)
Alternatively, the PM can be used at a power level well within dynamic range together with the SA. Read the power X at C (the PM) and Y at B (the SA). Save the delta  (dB). For further measurements, measure using the SA and correct the readings (dBm) as
 	(dBm)
Note, here the PM reading is only used at a level within its dynamic range to find the correction factor 
The corresponding measurement setup for receiver requirements is depicted in Figure 2.1-3
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Figure 2.1-3: Measurement setup for receiver requirement measurement using a Power Meter
MA is the Measurement Antenna, typically an SGH used in the measurement stage. Other types of MA can also be considered. 
Use a composite (including e.g., up-conversion) Vector Signal Generator (VSG) or a traditional VSG in combination with a power meter to minimize the MU of the sensitivity measurement. In all cases it must be ensured that the generated signal is clean. Also here, RF Filters may be needed. To guarantee sufficient power a power amplifier may be needed.
Calibration procedure:
a) Measure loss from G to B with a VNA.
b) Measure loss from G to P with a VNA.
c) Calculate power level at B as 

For the receiver requirement measurement, the calibration is divided into two steps as visualised in Figure 2.1-4 and Figure 2.1-5.

Figure 2.1-4: Characterization of power splitter

[image: ]
Figure 2.1-5: Characterization of test range path loss
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 1: Spectrum analysers and power meters in combination are useful to control relative and absolute power levels with decent accuracy. 
For requirement such as radiated transmit power and reference sensitivity the link budget gives that the power at the PM input is well within the specific dynamic range. Therefore, a PM should be used to measure absolute power level. The SA is still required to secure that signal is within proper dynamic range and is clean from spurious signals. 
Proposal 1: For FR2-2, radiated transmit power and OTA reference sensitivity adopt the concept of using a power meter as reference for absolute power.

2.2	Composite measurement equipment
At frequencies above 60 GHz the transmission losses in the test setup tends to increase due to increased transmission loss in coaxial cables and connectors. To reduce losses waveguide techniques can be adopted or up/down converter can be placed close to the measurement antenna, preferrable inside the anechoic chamber. Moreover, Measurement Uncertainty (MU) of test equipment can be kept under control if additional calibration procedures are implemented, such as calibrating an SA with higher uncertainty with a PM with lower uncertainty. 
To keep descriptions in the 3GPP technical reports and specifications as general as possible a composite test equipment concept needs to be adopted. 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 as input to MU evaluation tables in TR 37.941. The calibration, using e.g., a Power Meter, is performed on the FR2-2 frequency. 
For lower frequencies within FR1 and partly FR2-1 the Composite SA can be an off-the-shelf integrated SA, whereas at higher frequencies part of FR2-2 the Composite SA could include additional components, such as amplifiers, attenuators, up/down converters, filters. 
The solutions with external components, such as up/down converters can be implemented in different ways. For frequencies below 60 GHz up/down converters can be implemented as 19”-rack mounted equipment, but for FR2-2 RF heads placed close to measurement antenna is preferable to reduce transmission loss in cables/wave guides. The path loss in cables can be handled in the calibration and will not affect the MU evaluation. The composite measurement equipment includes both rack mounted equipment and external in chamber placed RF heads.
To keep the MU evaluation as general as possible in RAN4 consider keeping current MU contributions for described test methods in TR 37.941. The MU values can be re-considered to account for aspects relevant for FR2-2 operation. 
In Figure 2.2-1, abstract diagrams of the concept of “composite” test equipment are visualised. 
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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. 
In the calibration measurement setup (above) S is e.g., a switch or a power divider with known characteristics.
Observation 2: Measurements at higher frequencies requires additional components to be added to the test setup. 
Proposal 2: Instead of adding new MU contribution for additional external test equipment, adopt the concept of composite test equipment for FR2-2 MU evaluations. 
Proposal 3: MUs for measurement equipment at higher frequencies should reflect the use of calibrated composite test equipment.

2.3	Derivation of test tolerances
In TR 37.941, clause 5 the framework to be used to derive measurement uncertainty for a specific test method and requirement type is described. In TS 38.141-2 requirements for FR2 can be divided into following two categories:
1. Directional requirements: The base station manufacturer declares beam(s) and coverage ranges over which the beam can be steered. Directional requirement type does not imply the requirement is defined only in one direction as many directional requirements have a number of compliance directions. It implies that the directional requirement applies to a single direction at a time. The directional requirements are defined on parameters such as EIRP, EIS and field-strength.
2. TRP requirements: TRP is a requirement, which is defined as the total power radiated by the base station in all radiation space.
Both categories include requirements defined in-band on the wanted carrier as well as out-of-band. 
Unlike for FR1, for FR2 BS-to-BS colocation requirements are not defined. In the measurement uncertainty evaluation required per combination of requirement and test method, similarities can be identified per requirement type and test method which can be re-used for a specific test method used to test multiple requirements. 
The minimum requirements given in TS 38.104 are translated into test requirement in TS 38.141-2 via a test tolerance (TT). The TT is determined by the maximum accepted measurement uncertainty of evaluated test methods for a specific requirement described in TR 37.941. 
The maximum accepted measurement uncertainty is determined to allow for multiple test methodologies to be used. Typically, the test method with largest expanded measurement uncertainty is used to determine maximum accepted measurement uncertainty. Sometimes only one test method is described, for that case maximum accepted measurement uncertainty is determined by a single measurement uncertainty evaluation. 
The test requirements explicitly defined in TS 38.141-2 have been calculated by relaxing the minimum requirements of the core specification TS 38.104 using the TT. When the TT value is zero, the test requirement will be the same as the minimum requirement. When the TT value is non-zero, the test requirements will differ from the minimum requirements, and the formula used for this relaxation is given in the following tables in TS 38.141-2, annex C. The TT values are derived from test system uncertainties, regulatory requirements and criticality to system performance. As a consequence, the TT values may sometimes be set to zero.
Note that a formula for applying TT values is provided for all OTA tests, even those with a test tolerance of zero. This is necessary in the case where the test system uncertainty is greater than that allowed in TS 38.141-2, subclause 4.1.2. In this event, the excess error shall be subtracted from the defined TT value in order to generate the correct tightened test requirements as defined in TS 38.141-2, annex C.
Observation 3: When a test method is described and accepted, maximum measurement uncertainty needs to be established and documented in: 
-	TS 38.141-2, subclause 4.1.2. 
-	TS 38.141-2, annex C.
-	Technical background information in TR 37.941.

2.4	Test equipment MU values
Since the OTA chamber dimensions 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.



In way-forward contribution [2] additional information relevant for FR2-2 have been collected. 
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 4: 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. 
Observation 5: For SG MU values up to 43.5 GHz is provided in TR 37.941, additional information is required to cover FR2-2. 
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 6: For the downlink the expanded MU can be improved by calibration of the SA absolute accuracy using a PM.
Observation 7: 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 2.4-2 as baseline for 60 to 142 GHz MU evaluation work.

Proposal 5: Above 60 GHz we propose adopt additional calibration procedures to improve MU using a power meter for EIRP measurement part of radiated transmit power requirement. 



















3. Conclusion
In this contribution we provide relevant information to progress the work to establish a conformance test specification for NR to cover FR2-2. More specifically information related to calibration of spectrum analyser (for transmitter requirements) and signal generator (for receiver requirements) is provided, technical background related to relation between TT and MU, and MU values for test equipment to cover up to 142 GHz is provided. 

Based on the presented information following observations can be made:
Observation 1: Spectrum analysers and power meters in combination are useful to control relative and absolute power levels with decent accuracy.
Observation 2: Measurements at higher frequencies requires additional components to be added to the test setup. 
Observation 3: When a test method is accepted, maximum measurement uncertainty needs to be established and documented in: 
-	TS 38.141-2, subclause 4.1.2. 
-	TS 38.141-2, annex C.
-	Technical background information in TR 37.941.
Observation 4: 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. 
Observation 5: For SG MU values up to 43.5 GHz is provided in TR 37.941, additional information is required to cover FR2-2. 
Observation 6: For the downlink the expanded MU can be improved by calibration of the SA absolute accuracy using a PM.
Observation 7: For the uplink the expanded MU can be improved by calibrating the SG absolute accuracy using a PM.

Based on the presented information following proposals is presented for approval:
Proposal 1: For FR2-2, radiated transmit power and OTA reference sensitivity adopt the concept of using a power meter as reference for absolute power.
Proposal 2: Instead of adding new MU contribution for additional external test equipment, adopt the concept of composite test equipment for FR2-2 MU evaluations. 
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 2.4-2 as baseline for 60 to 142 GHz MU evaluation work.
Proposal 5: Above 60 GHz we propose adopt additional calibration procedures to improve MU using a power meter for EIRP measurement part of radiated transmit power requirement. 

More background information related to transmitter requirement and receiver requirements is provided in companion contributions [9, 10]. To further stimulate the discussion draft CRs to TS 38.141-2 [6], clause 4, EIRP in CATR to TR 37.941 [7] and EIS in CATR to TR 37.941 [8] is proved.
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