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1. Introduction
At the last RAN4 meeting (RAN4#105 in Toulouse) BS RF conformance aspects relevant for FR2-2 extension was discussed. The outcome from last meeting including agreements and guidance for this meeting is captured in a way forward contribution [1]. The last meeting was according to RAN4 plan the last meeting for this WI. At last RAN plenary meeting (RAN#98-E) it was decided in [2] to extend the WI one meeting cycle. 
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, adaptations such as addition of amplifiers, up/down converters, and additional calibration approaches as described in [3] will be required to achieve relevant and reasonable measurement uncertainties to guarantee a robust 3GPP test specification. 
In this contribution we provide additional information relevant for FR2-2 OTA conformance testing together with proposals to progress the work with the goal to complete the work required to add support for FR2-2 in TS 38.141-2.

2. Discussion
To progress the work with the intention to finalize the work related to the addition of frequency range support up to 71 GHz for NR we have created following contributions to this meeting:
1.  
1. A contribution on general aspects relevant for FR2-2 conformance testing (this contribution). In this contribution we present our view on test equipment MU values relevant for FR2-2 and a detailed description of calibration of absolute power level to be adopted for radiated transmit power and OTA reference sensitivity. 
2. A contribution [4] focused on transmitter aspects in relation to conformance testing. This contribution captures detailed information for MU evaluations related to measuring radiated transmit power in a CATR, and BS output power, ACLR, OBUE and transmitter spurious emissions and receiver spurious emissions in an RC.
3. A contribution [5] focused on receiver aspects in relation to conformance testing. This contribution captures detailed information for MU evaluation related to measuring OTA reference sensitivity in a CATR. Also, this contribution included information related to receiver spurious emissions and receiver out-of-band blocking. 
4. A draft CR to TR 37.941 [6] with additions relevant for measuring radiated transmit power (EIRP) in a CATR.
5. A draft CR to TR 37.941 [7] with additions relevant for measuring OTA reference sensitivity (EIS) in a CATR. 
6. A draft CR to TR 37.941 [8] with additions relevant for measuring BS output power, ACLR, OBUE and transmitter spurious emissions and receiver spurious emissions (all requirements based on TRP) in a RC.
7. A draft CR to TR 37.941 [12] with additions relevant for testing receiver out-of-band blocking in general chamber. 
8. A draft CR to TR 38.141-2 [9] with an addition of radiated transmit power requirement for FR2-2 according to RAN4 work split.  
To finalize the remaining work, decisions on test equipment MU values in-band and out-of-band needs to be agreed for FR2-2. With the agreed test equipment MU values, total expanded MU can be evaluated for a minimum set of test methods required to test all requirements applicable for FR2-2. 
In the following sections, we present technical background information relevant for FR2-2 OTA conformance test aspects. 

2.1 Absolute power level calibration
The need to refine calibration procedures for some test setups and requirements have been discussed extensively at previous RAN4 meetings. For all OTA test setups, the calibration stage is essential to guarantee a relevant and acceptable Measurement Uncertainty (MU). In RAN4 it is tradition to use a Spectrum Analyzer (SA) as measurement receiver for down-link requirements and a Signal Generator (SG) for Fixed Reference Channel (FRC) defined in TS 38.104 as signal source for up-link BS requirements. In the MU evaluations of RAN4, the impact from individual MUs related to SA and SG are significant. However, for some requirements (such as Radiated transmit power and OTA reference sensitivity) it is actually possible to improve MU by using an additional Power Meter (PM) for measuring absolute power levels. The usage of a PM is a well-established concept used for OTA tests where absolute power accuracy is of interest. Therefore, it is reasonable to add an additional calibration stage or extend the current calibration stage for some measurements where feasible.
In the following sub-sections, an example for how to improve the capability to measure absolute RF power more accurate is described for EIRP and EIS requirements. In addition to previous calibrations, a PM is used to accurately measure the power at the SA input for down-link and at the SG output for the up-link.
For RF measurements, the detector in a PM typically has lower absolute power MU compared to a SA. The SA relative power measurement MU is typically very low, while absolute power measurement MU is significantly higher. Also, the SG required to produce the test signal for receiver requirements tend to have relatively high MU. Furthermore, SGs for FR2-2 have further challenges related to the very high carrier frequency and very wide carrier bandwidths. For up-link requirements it would be very beneficial to use a PM instead of relying on SG MU. 

2.1.1 EIRP measurement
The general principle is to add an additional calibration stage in which a PM characterizes the absolute power measured by the SA. If this is done correctly, considering PM dynamic range capabilities and that a clean signal with low emissions is measured, an MU related to the PM can be used instead of the MU associated to the SA. Application of this technique include radiated transmit power and other requirements where the measured signal falls within the dynamic range of the PM. The calibration splits up into two parts: Test range calibration and Absolute power calibration. 
The test range calibration stage is visualized in Figure 2.1.1-1. 
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Figure 2.1.1-1: Test range calibration setup for down-link measurements
An RF power divider or RF switch (denoted S) is used to divide the received signal to feed both an SA and a PM with the signal produced by the calibration antenna, here a Standard Gain Horn (SGH) is used. The complete transmission path from A to C needs to be characterized in the calibration stage. 
Since the dynamic range of the PM is limited, an Attenuator (ATT) may be required. It is important to set the attenuation properly 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 spurious emission levels.
In the calibration stage, the transmission loss from A to C is measured using a Vector Network Analyzer (VNA). Use the PM reading at C to retrieve the radiated power (EIRP) level at A at the measurement stage. 
The calibration procedure is as follows:
1. Measure the transmission loss from D to C with a VNA.
2. Get the antenna gain of the calibration antenna, typically a Standard Gain Horn (SGH) where the gain and MU is known.
3. Measure the reflection coefficient  at the input D of the SGH.
4. Calculate the loss from A to C as: 
 			(Linear units)
The path loss including the Measurement Antenna (MA) gain is captured between A and C with the calibration stage. LAC will be used in the measurement stage to be able to measure a calibration EIRP value. 
The measurement stage including calibration of absolute power level is visualised in Figure 2.1.1-2.
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Figure 2.1.1-2: Measurement setup including calibration of absolute power level
Since the dynamic range of the SA and PM is limited, an Attenuator (ATT) may be required. It is important to set the attenuation properly to ensure that the PM and the SA operate within their dynamic ranges. The SA is used to ensure that the expected power spectrum is received, i.e., correct carrier bandwidth is configured, and low spurious emission levels are maintained outside the carrier bandwidth. The attenuator setting, used in the measurement stage, must be equal to the setting used in the calibration stage.
In the measurement stage, the calibration antenna is replaced with the Equipment Under Test (EUT). The measured EIRP level produced by the EUT is measured at the PM as:
		(dBm)
Alternatively, read the power level  dBm at C (the PM) and  dBm at B (the SA). Save the delta as  in logarithmic scale. For further measurements, measure using the SA and correct the readings  as:
 	(dBm)
Note, here the PM reading is only used at a level within its dynamic range to find the correction factor D. 






2.1.2 EIS measurement
The general principle is to add an additional calibration stage using a PM to characterize the absolute power level generated by the SG. If this is done correctly, and considering PM dynamic range capabilities, the MU related to the PM can be used instead of the MU associated to the SG in the MU evaluation for OTA reference sensitivity.
For the OTA reference sensitivity, the calibration is divided into two steps as visualised for the calibration of power splitter or RF switch (S) in Figure 2.1.2-1 and calibration of complete test range in Figure 2.1.2-2.

Figure 2.1.2-1: Characterization of power splitter (S)
In Figure 2.1.2-2, the characterization of the test range path loss is performed. This stage is part of regular calibration procedures in OTA test environments. 
[image: ]
Figure 2.1.2-2: Characterization of test range path loss
The complete calibration stage can be described by following steps:
1. Measure the transmission loss from G to P with a VNA, as visualised in Figure 2.1.2-1.
2. Measure the transmission loss from G to B with a VNA, as visualized in Figure 2.1.2-2.
The corresponding measurement stage setup for receiver requirements is visualised in Figure 2.1.2-3
[image: ]
Figure 2.1.2-3: Measurement setup for receiver requirement measurement using a Power Meter
In the measurement stage, the calibration antenna is replaced with the EUT. The EIS level, required to meet specified link quality is calculated as:
		(dBm)
The signal generator can be combined with frequency converters, mixers, RF filters, amplifiers. All these components hence form a composite test equipment and the calibration using a PM can be used to reduce the MU of the sensitivity measurement. In all cases, it must be ensured that the generated signal is clean.

2.1.3 Technical background information
The additional calibration required to improve measurement uncertainty values related to absolute power level need to be captured in the technical background information in TR 37.941. 
It is essential to describe under what conditions the additional calibration of the absolute power level can be used. Below, some essential aspects are listed:
· Clean signal: The RF signal spectrum need to be clean, otherwise the broadband PM will pick up too much power.

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

· Matching losses and/or losses due to switching or dividing the signal is handled properly. 
The additional calibration is relevant for some measurements where absolute power is essential. It is suggested to include the additional calibration described in section 2.1.2 for the following measurements:
1. Measurement of EIRP required to show compliance to radiated transmit power requirement.
2. Measurement of EIS required to show compliance to OTA reference sensitivity requirement. 
Eventually, the additional calibration can be adopted for other requirements too, but that can be done if required at a later stage. 
Observation 1: Spectrum analyzers 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 OTA reference sensitivity a link budget evaluation gives that the power at the PM input is well within the typical specified dynamic range. Therefore, a PM should be used to measure absolute power level to improve total expended MU for Radiated transmit power and OTA reference sensitivity. The SA is still required to secure that signal is within proper dynamic range, the signal is clean from spurious emissions and check that correct carrier bandwidth is configured. 
Proposal 1: For FR2-2, Radiated transmit power requirement based on EIRP and OTA reference sensitivity requirement based on EIS, adopt the concept of using a power meter as reference for absolute power level measurements as described in sections 2.1.1 and 2.1.2.
Proposal 2: Include a description of the additional power calibration in TR 37.941 for EIRP in CATR for radiated transmit power and EIS measured in CATR for OTA reference sensitivity.

2.2 Common test equipment
A significant portion of the final results of an MU evaluation for an OTA test range can be traced to common test equipment, e.g., spectrum analyzer, signal generator and vector network analyzer. This is natural, since the considered carrier frequency is very high and considered carriers are very wide. At very high frequencies test equipment may be constituted of multiple units, e.g., signal generator, up/down-converter, amplifier, etc. All these units will together create a composite test equipment. In RAN4 the tradition has been to capture the composite MU contribution per Uncertainty Identifier (UID) rather than introduce new MU entries in the MU evaluation table. The final expanded MU is then the Root Mean Square (RMS) sum of all individual uncertainties. This approach has the drawback that the expanded MU will increase rapidly as function of number of analysed MU sources. The intention with the approach described by the ISO Guide on Evaluation of measurement data in [11] is to identify few uncertainties that will dominate the MU evaluation, while the majority of errors will be small due to properly used test methodologies.   
For the frequency range related to FR2-2, transmit power is a scarce resource and regulatory limits for maximum EIRP have been defined to protect other types of radio systems sharing the same spectrum. Therefore, it is essential to measure radiated transmit power with good accuracy:
a. To be able to control coverage and interference within the network, output power is essential.
b. To be able to guarantee that radiated power is below the regulatory limits, to protect other services.  
This is the reason for striving to break the trend with growing MU as function of frequency for in-band requirements related to absolute power. Large MU for in-band requirements would result in that a lower power than intended is transmitted, which would impact coverage as visualised in Figure 2.2-1. 
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Figure 2.2-1: Impact of EIRP uncertainty on cell radius by direct application of the Friis Transmission Formula. An expanded uncertainty of +/- 2dB would keep the effective cell radius change within -21 to +26 % as indicated by the green help lines.
Observation: Radiated transmit power uncertainty of 2 dB would result in a radius of -21 to 26% in changed coverage.
For spurious emissions, the large carrier bandwidths and limited output power will by design cap spurious emission Power Spectral Density (PSD) to low levels. This means that there will be margins to regulatory levels, which can be used as test margins to absorb large MU values for test methods used for unwanted emission requirement testing. 
In a previous contribution [10], the wanted signal PSD and unwanted emission PSD is evaluated for different potential implementations. Here the following parameters are assumed: 
· array sizes (MxN) equal to 4x8, 8x16 and 16x16, 
· transmitter power per branch (Ptx) equal to 1.5 dBm, 
· element loss (LE) equal to 2.2 dB, 
· element peak gain (GE) equal to 5.3 dBi, 
· ACLR equal to 24 dB,
· carrier bandwidths of 400, 1600 and 2000 MHz. 
The wanted signal TRP can be calculated as:
			(dBm)
, and the wanted signal EIRP can be calculated as:
 		(dBm)
The factor 3 dB comes from the fact that total power is considered for both TRP and EIRP unless otherwise explicitly stated. The wanted carrier power (TRP) and expected unwanted emission TRP Power Spectral Density (PSD) levels are listed in Table 2.2-1.
Table 2.2-1: Expected unwanted emission PSD levels for FR2-2
	Array size
	Wanted TRP
(dBm)
	Wanted EIRP
(dBm)
	Carrier
bandwidth
(MHz)
	Wanted TRP PSD
(dBm/MHz)
	Adjacent channel
TRP PSD
(dBm/MHz)

	16x16
	26.4
	58.0
	400
	0.4
	-23.6

	8x16
	23.4
	52.0
	400
	-2.6
	-26.6

	4x8
	17.4
	39.9
	400
	-8.7
	-32.7

	16x16
	26.4
	58.0
	1600
	-5.7
	-29.7

	8x16
	23.4
	52.0
	1600
	-8.7
	-32.7

	4x8
	17.4
	39.9
	1600
	-14.7
	-38.7

	16x16
	26.4
	58.0
	2000
	-6.6
	-30.6

	8x16
	23.4
	52.0
	2000
	-9.6
	-33.6

	4x8
	17.4
	39.9
	2000
	-15.6
	-39.6



It can be noticed that the wanted signal TRP PSD level is varying within the range 0.37 to -15.65 dBm/MHz depending on the size of the array antenna. Also, it can be observed that the power spectral density of wanted signal for large carrier bandwidth is quite low and in case of 4x8 and carrier bandwidth of 1600 MHz, the power spectral density of wanted signal is below the general unwanted emission levels of -13 dBm/MHz. Given that, the expected unwanted emissions outside the carrier would be even lower.
Thus, with an ACLR of 24 dB, the in-band adjacent emissions will in many cases be lower than Category A spurious emission limit of -13 dBm/MHz and also in many cases lower than the Category B spurious emission limit of -30 dBm/MHz which is the strictest regulatory limit. Also, it is expected that unwanted emission levels will roll off even further with frequency in the spurious region. 
Observation: Unwanted emission is by design often lower than general spurious emission limits.
Therefore, it would be reasonable for FR2-2 to have stricter MU for in-band measurements, while more relaxed MU is reasonable for out-of-band measurements. 
From last meeting’s agreed way-forward [1] the following guidance to progress the MU work was captured:
1. Consider division of the TE MU for in-band and out-of-band requirements with different MU values
a. In-band: Approach without mixers as baseline
b. Out-of-band (above FR2-2): Approach with mixers as baseline
2. Consider separate MU for power meter and spectrum analyzer.
3. For EIRP and EIS requirements with sufficient link budget, add an additional calibration to improve absolute power MU. For other requirements the additional calibration is not applicable, since the signal will be too weak for the power meter. The calibration needs to be captured in TR 37.941 for specific requirements. 
4. Consideration of LNA for high power measurement to be further analyzed. Further motivation to be provided. 
5. For spurious emission measurement: Add 110 GHz breaking point for MU values.
Based on the above guidance the MU table for the TE is extended to include different values for in-band and out-of-band region. The upper out-of-band region is divided into two sub-ranges with a break point at 110 GHz. This break point comes from the fact that coaxial cables with 1 mm RF connectors seems to be feasible up to 110 GHz. Above 110 GHz, wave guide technology seems to be more relevant. A lower frequency region below FR2-2 is added for out-of-band measurements to provide additional information for the gap between FR2-1 and FR2-2. A separate entry for PM is added to be able to differentiate MU values between SA and PM. 
In Table 2.2-2, relevant MU values based on laboratory experience and information from data sheets have been collected for common test equipment needed for FR2-2 MU evaluation.


Table 2.2-2: Common test equipment MU relevant for FR2-2
	Test equipment
	TE MU (std. dev.)
(dB)

	
	Lower
out-of-band
region
	In-band
region
	Upper
out-of-band
regionNOTE A

	
	43.5 < f < 52.6
(GHz)
	52.6 < f < 71.0
(GHz)
	71 < f < 110
(GHz)
	110 < f < 142
(GHz)

	Vector Network Analyzer (VNA)
	0.30
	0.40
	0.80
	1.00

	Spectrum/Signal Analyzer (SA)
	0.70
	0.90
	1.50
	2.30

	Power Meter (PM)
	0.20
	0.30
	0.50
	Limited availability

	Signal Generator (SG)
	0.90
	1.20
	1.30
	2.40

	NOTE A
	Including mismatch between instrument and up/down converter.



For the lower out-of-band region defined between FR2-1 and FR2-2 (43.5 to 52.6 GHz) the MU values are influenced by values assumed in TR 37.941 for FR2-1. 
The MU values for in-band region assuming no mixer (up/down converters) or other external equipment. The MU values are representative for test equipment provided by multiple vendors and confirmed relevant based on laboratory tests. 
For upper out-of-band region defined between 71 to 110 GHz, it is assumed that external components such as up/down converters, are required. For this frequency range PMs can be used to calibrate and improve absolute power MU.
For upper out-of-band region defined between 110 to 142 GHz, it is assumed that external components such as up/down converters, are required. For this range the availability of PM with lower MU than SA and SG is limited. Hence, an additional absolute power calibration is not currently feasible for the frequency range 110 to 142 GHz. 
For the frequency range 71 to 142 GHz additional uncertainty contributions, stemming from mismatch uncertainty between the instrument and the up/down converter, are included in values presented in Table 2.2-2. 
Proposal 3: For FR2-2 in-band MU evaluation consider TE MU values presented in Table 2.2-2. 
Proposal 4: For FR2-2 out-of-band MU evaluation consider TE MU values presented in Table 2.2-2.
In the way-forward from last meeting [1], presented MU values were collected as MU ranges. Currently, the ranges for some specific ranges are very wide. To progress the work in this WI and define test requirements the ranges for TE MU needs to be reduced to single values. 
In previous work for FR1 and FR2-1, uncertainty analysis of RF power measurement equipment for high and low power cases have been handled as if spectrum analysers and power meters have the same MU. All RF test experience indicates strongly that, in reality the power meter is much better in terms of measuring absolute power levels. 
It can be noticed from the input to last meeting that low values in ranges was considered without mixer (up/down converter), while the higher values were considering mixer (up/down converter). 
In Table 2.2-3 we have provided comments and suggestions on how to proceed for in-band measurements.

Table 2.2-3: TE MU values for in-band measurements 
	UID
	Uncertainty source
	Outcome from WF [1]
(std. dev.)
 (dB)
	Comment
	Proposed MU
(std. dev.)
 (dB)

	C1-1
	Uncertainty of the RF power measurement equipment - high power (EIRP, TRP)
	0.30 - 2.36
	Here it would be reasonable to consider adding additional power calibration stage to improve final MU. Therefore, this MU value can be reduced to capture the MU of a power meter. For high power case the MU for a power meter is much better than for a spectrum analyser. In the MU evaluation table, a note is required to document that additional calibration is assumed. 
	0.30 1

	C1-7
	RF power measurement equipment (e.g., spectrum analyser, power meter) - low power (UEM, absolute ACLR)
	0.70 - 2.36
	Since this is a lower power case additional calibration is not feasible. Hence the MU value relevant for spectrum analyser should be considered.
	0.90

	C1-8
	RF power measurement equipment (e.g., spectrum analyser, power meter) - relative (ACLR)
	0.70 - 2.36
	Since this is a relative measurement between a high value and a low value it can be considered as low power case where the feasibility of additional calibration is not feasible. Hence the MU value relevant for spectrum analyzer should be considered.
	0.90

	C1-9
	RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time domain wideband measurement for FR2
	1.65 - 2.61
	Only used for FR2 TDD OFF power measurement. Since this test captures max power and min power, the MU is expected to increase a bit due to higher frequencies.
	2.00

	C1-2
	RF signal generator
	0.30 - 2.37
	The MU of the signal generator can be calibrated using a power meter. The MU after calibration will be set by the combined MU of the PM and the VNA. The VNA will add to the MU since the VNA is required to calibrate the power splitter.
	0.50 2

	C1-3
	Uncertainty of the network analyser
	0.40 - 0.87
	We have one assumption in TR 37.941 and one assumption for UE. We prefer to use the base line in TR 37.941 as baseline for FR2-2 BS MU evaluation, since 0.40 dB have been used for previous work in TR 37.941.
	0.40

	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.30
	
	0.30

	NOTE 1: A intermediate additional calibration stage is introduced for absolute power level. The calibration is described in section 2.1.
NOTE 2: For EIS the MU achieved after absolute power calibration is determined by PM MU and VNA MU as With values in Table 2.2-2, the MU for signal generator can be set to 0.50 dB.



Based on analysis in Table 2.2-3, we propose the following MU values for in-band UIDs:

Proposal 5: For FR2-2 and UID C1-1, use power meter MU of 0.30 dB and additional absolute power level calibration stage for measurements related to conformance testing of radiated transmit power requirement.
Proposal 6: For FR2-2 and UID C1-2, use power meter MU of 0.50 dB and additional absolute power level calibration stage for measurements related to conformance testing of OTA reference sensitivity requirement.
Proposal 7: For FR2-2 and UID C1-3, use VNA MU of 0.40 dB for measurements related to conformance testing of radiated transmit power requirement and OTA reference sensitivity.

In Table 2.2-4 we have provided comments and suggestion on how to proceed for out-of-band measurements.
Table 2.2-4: TE MU values for out-of-band measurements (71 to 142 GHz)
	UID
	Uncertainty source
	Outcome from WF [1]
(std. dev.)
(dB) 
	Comment
	Proposed MU
71.0<f<110 
GHz
 (dB)
	Proposed MU
110<f<142 
GHz
 (dB)

	C1-7
	Uncertainty of the RF power measurement equipment (e.g., spectrum analyser, power meter) - low power (UEM, absolute ACLR)
	[0.60 - 2.49]
	The MU is differentiated for two sub-frequency ranges around 110 GHz. The reason is that over 110 GHz wave guide interfaces is used instead of traditional RF connectors. It is also reasonable to believe that up/down converters are required above 110 GHz. 
	1.50
	2.30

	C1-3
	Uncertainty of the network analyser
	[0.30 – 1.00]
	
	0.80
	1.00

	C1-4
	Uncertainty of the absolute gain of the reference antenna
	0.30
	The same value can be used since the MU is guaranteed by the certificate of the reference antenna
	0.30
	0.30



Based on analysis in Table 2.2-4 we propose following MU values for out-of-band UIDs:

Proposal 8: In the MU evaluation for FR2-2 upper spurious region consider TE MU provided as proposals in Table 2.2-4 for UID C1-7, C1-3 and C1-4.

2.3 OTA test method overview
The technical background information for OTA test methods is described in TR 37.941. This TR describes test methods relevant for specific test requirements. For each test method, the measurement uncertainty (MU) is evaluated. The principle of the measurement uncertainty evaluation is also described in the TR.
To complete the BS RF conformance work for FR2-2, RAN4 needs to add the following information in TR and TS:
1. At least one documented test method for each specific test requirement to be captured in TR 37.941 as described in TR 37.941, subclause 5.1.  
2. For each test method and test requirement, evaluate expanded MU. The MU evaluation should be captured in TR 37.941 as described in TR 37.941, subclause 5.2.
3. For each test requirement (based on defined test methods) define the maximum allowed MU. The maximum allowed MU per test requirement will also be captured in TS 38.141-2, subclause 4.1.2 and maximum allowed MU per test requirement will be captured in TR 37.941, clause 17.
4. Based on maximum allowed MU, derive Test Tolerances for non-regulatory requirements. For regulatory requirements the TT is set to 0 dB. The TT per requirement will be captured in TR 37.941, clause 18. 
5. Based on TT derive test requirement pass/fail levels for all test requirements in TS 38.141-2.
TR 37.941 describes a range of different test methods that can be used for BS RF conformance testing. In Table 2.3-1, OTA requirement categories are mapped to suitable OTA test environments.   
Table 2.3-1: Mapping between OTA requirement categories and OTA test environments 
	OTA requirement categories
	Requirement
	OTA test environments

	In-band directional requirements
	Radiated transmit power, OTA reference sensitivity and 
all other requirements defined with in the carrier and close to the carrier
	Indoor Anechoic chamber described in TR 37.941, subclause 7.2 or
CATR described in TR 37.941, subclause 7.3 or
Near Field Test Range described in TR 37.941, subclause 7.5 or
Plane Wave Synthesizer described in TR 37.942, subclause 7.6

	Out-of-band directional requirements
	Receiver out-of-band blocking
	General chamber described in TR 37.941, subclause 7.7

	TRP requirements
	BS output power, ACLR,
OBUE, 
Transmitter spurious emissions, 
Receiver spurious emissions
	Indoor Anechoic chamber or General chamber using methods described in TS 38.141-2, Annex I and 
RC described in TR 37.941, subclause 7.8



To make the test specification complete, test methods to cover all requirements applicable for FR2-2 needs to be described in TR 37.941. At least RAN4 needs to cover CATR, RC and general chamber. General chamber is an OTA test environment very similar to an EMC chamber, where the test distance and measurement antenna can be adopted to support the very large frequency range required for spurious emission measurements and receiver out-of-band blocking measurements. 
Proposal 9: For FR2-2, focus on CATR, RC and general chamber. 
If information is available, the MU evaluation for more test methods can be completed. If not, additional information can be added later to allow other test methods to be used. Also, new test methods not currently described can be added later if required. 

2.4 Extreme condition considerations
For extreme condition, it was assumed that the extreme environment inside the test range is created by adding an enclosure around the test object, in which the environment can be controlled. In TS 38.141-2, two different measurement setups are considered as visualised in Figure 2.4-1.
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Figure 2.4-1: Measurement setups applicable for extreme condition
For FR1, two measurement setups were originally considered. To the left, a radome is placed around the test object to control the temperature using a temperature control system and to the right, the test object is placed in a small chamber in which the temperature is controlled. The measurement setup differs, since in the left approach absolute EIRP power is measured and in the right approach the relative power change in the near field region is measured. Both test methods are described in TS 38.141-2, Annex B.7.1.
For FR2 (and especially for FR2-2), the two-test chambers tend to collapse into a common approach where far-field characteristics can be assessed directly. For FR2-2, the dimensions of the test object decrease and therefore the test object can fit within conventional climate chambers. A climate chamber can then be combined with a direct far-field test range within a reasonable volume. 
For the evaluation of expanded MU for extreme conditions a few new MU sources is added (A2-14, A2-15, A2-16) and for QZ ripple a slightly higher MU value is considered (A2-13). The additional MU contributions are described in Table 2.4-1.


Table 2.4-1: Additional MU for extreme condition
	UID
	Description

	
	

	A2-13
	Quality of quiet zone (extreme test conditions). This contribution is related to the ambient quality of the quiet zone for normal test conditions (A2-4) which 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. As the environmental enclosure is larger than the BS and the material of the environmental chamber may cause some reflection and refraction the quite zone flatness will be affected. The quality of the quiet zone for the extreme test is therefore worse than for the ambient due to the environmental enclosures effect.

	A2-14
	Wet radome loss variation. The environmental chamber radome will be an ineffective thermal isolator and will have extreme temperatures on the inside and the OTA chamber ambient temperature on the outside. In such conditions condensation is inevitable. This uncertainty is due to the variation in the radome loss due to condensation on the environmental chamber radome.

	A2-15
	Radome loss variation. The environmental chamber radome will affect the path between the BS and the test antenna due to both its insertion loss and also reflection and refraction from the materials surface. The loss is dependent on the material as well as its proximity to the BS. The uncertainty is the residual uncertainty of the total loss after calibration.

	A2-16
	Change in absorber behaviour. The environmental chamber will contain RF absorptive material to prevent reflections within the chamber. This RF absorptive material will be subjected to the extreme temperatures inside the environmental chamber and hence its properties will change. This uncertainty accounts for the effect of that change in behavior.



UID A2-13, as previously decided, increases the Quite Zone ripple in extreme condition. The reason is that the added enclosure around the test object may create larger ripple in the quite zone. Also, an MU capturing change in absorber behaviour is added in UID A2-16. This MU is not independent on quite zone ripple. 
For UID A-14, an MU accounting for test object humidity outfall on the radome was added. In reality, experience shows that this impact is negligible in a temperature and humidity-controlled test environment. Humidity in the chamber would be devastating for the test equipment in an OTA test environment.
For UID A2-15, an MU contribution related to test enclosure was added. This uncertainty is dependent on UID A2-13. Treating these as independent ones, leads to an exaggerated combined uncertainty value.
Observation: It can be noticed that many contributions can be reduced by calibrating the test range over different frequencies. 
Observation: MU UID A2-13, A2-15 and A2-16 are not independent, which implies that the RMS summation would lead to a too large MU.
In Table 2.4-2, additional MU contributions for extreme condition testing are listed for EIRP measurement. The additional MU are captured in the measurement stage (Stage 2). 
Table 2.4-2: Extreme condition MU values
	UID
	Uncertainty source
	Standard uncertainty ui (dB)

	
	
	24.25<f
≤29.5 
GHz
	37<f
≤43.5 
GHz
	52.6<f
≤71.0 
GHz

	A2-13
	QZ ripple with BS (extreme test conditions)
	0.70
	0.70
	0.70

	A2-15
	Radome loss variation
	0.50
	0.50
	0.50

	A2-14
	Wet radome loss variation
	0.90
	0.90
	0.90

	A2-16
	Change in absorber behavior
	0.50
	0.50
	0.50



It would be reasonable to keep the MU values as indicated in table for FR2-2. For FR2-2 the test chamber will reduce in size, which would mean that the test chamber size will reduce. Also, considering additional calibration over temperature can be used to for A2-15 and A2-14. 
Proposal 10: For extreme condition testing adopt the absolute power calibration described in section 2.1.
Proposal 11: For extreme condition MU evaluation use standard uncertainties for A2-13, A2-14, A2-15 and A2-16 as listed in Table 2.4-2.



3. Conclusion
In this contribution general technical background information related to FR2-2 OTA conformance test aspects is presented. More details related to specific aspects related to transmitter and receiver tests can be found in companion contributions [4, 5]. 
The background and details description of the additional calibration procedure improving MU for specific requirements is presented in this contribution. It is reasonable to include the additional calibration procedure for specific measurements to maintain FR2-2 relevant with reasonable test complexity. 
Technical background information related to test equipment MU values is presented based on agreements in the way-forward from last meeting. 
Based on information given in this contribution we present the following proposals for approval:
Proposal 1: For FR2-2, Radiated transmit power requirement based on EIRP and OTA reference sensitivity requirement based on EIS adopt the concept of using a power meter as reference for absolute power level measurements as described in sections 2.1.1 and 2.1.2.
Proposal 2: Include a description of the additional power calibration in TR 37.941 for EIRP in CATR for radiated transmit power and EIS measured in CATR for OTA reference sensitivity.
Proposal 3: For FR2-2 in-band MU evaluation consider TE MU values presented in Table 2.2-2. 
Proposal 4: For FR2-2 out-of-band MU evaluation consider TE MU values presented in Table 2.2-2.
Proposal 5: For FR2-2 and UID C1-1 use power meter MU of 0.30 dB and additional absolute power level calibration stage for measurements related to conformance testing of radiated transmit power requirement.
Proposal 6: For FR2-2 and UID C1-2 use power meter MU of 0.50 dB and additional absolute power level calibration stage for measurements related to conformance testing of OTA reference sensitivity requirement.
Proposal 7: For FR2-2 and UID C1-3 use VNA MU of 0.40 dB for measurements related to conformance testing of radiated transmit power requirement and OTA reference sensitivity.
Proposal 8: In the MU evaluation for FR2-2 upper spurious region consider TE MU provided as proposals in Table 2.2-4 for UID C1-7, C1-3 and C1-4.
Proposal 9: For FR2-2, focus on CATR, RC and general chamber. 
Proposal 10: For extreme condition testing adopt the absolute power calibration described in section 2.1.
Proposal 11: For extreme condition MU evaluation use standard uncertainties for A2-13, A2-14, A2-15 and A2-16 as listed in Table 2.4-2.

To capture relevant technical background information in TR 37.941 a package of draft CRs have been prepared in [6, 7, 8]. 
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