
2


[bookmark: _Toc491868096]TSG-RAN Working Group 4 (Radio) meeting #107	R4-2307696
Incheon, Korea, 22nd to 26th May 2023 

Source:	Ericsson
Title:	Final touch on remaining open issues related to FR2-2 conformance testing
Agenda item:	5.2.9.3.3
Document for:	Approval

1. Introduction
At the last RAN4 meeting (RAN4#106 in Athens) many open issues related to FR2-2 conformance testing was settled. Still the MU evaluation for spurious emission is not complete in TS 38.141-2 and for many requirements MU values are within []. At last RAN plenary meeting it was decided that the work to introduce support up to 71 GHz in TS 38.141-2 is complete. Remaining work to remove [] and fill in missing information (e.g., spurious emission MU is FFS) in TR 37.941 and TS 38.141-2 is supposed to be done as regular maintenance. 
The outcome from last meeting related to MU evaluation is included in last version of TS 38.141-2 and is summarized in Table 1-1.
Table 1-1: Overview of expanded MU based on agreement from last meeting 
	Requirement 
	Parameter
	Test range
	MU value
(dB)

	Radiated transmit power (Normal)
	EIRP
	CATR
	2.98

	Radiated transmit power (Extreme)
	EIRP
	CATR
	3.89

	TDD OFF power
	EIRP
	CATR
	5.63

	BS output power
	TRP
	CATR
	4.66

	BS output power
	TRP
	RC
	4.50

	ACLR/OBUE
	TRP
	CATR
	5.33

	ACLR/OBUE
	TRP
	RC
	5.13

	Spurious emission
	TRP
	CATR
	FFS

	Spurious emission
	TRP
	RC
	FFS

	Reference sensitivity
	EIS
	CATR
	3.03



It can be noticed that the MU related to spurious emission is not yet settled. 
To finalize the work, two way-forward contributions were created [1, 2]. To progress the work, with the goal to finalize the conformance test specification TS 38.141-2, the following guidance for this meeting was agreed:
1. Confirm MU value for UID C1-1 for in-band TRP for BS output power.
2. For ACLR provide input on UID C1-7 and UID C1-8.
3. For OBUE provide input on UID C1-7.
4. For spurious emission provide input on UID C1-7 for 71 to 110 GHz and 110 to 142 GHz.
5. The need for additional LNA MU UID for low level requirements (such as TX OFF power, absolute ACLR, OBUE and spurious emissions). 
6. Confirm OOB EM total MU to be taken from which test method.
7. Confirm MU value for UID A2-5a and A2-5b.
8. Confirm EVM MU value [1.0]%.
In this contribution we provide information according to the agreed way forward with the intention to finalize the work with the BS RF conformance test specification TS 38.141-2 with respect to the extension to FR2-2.




2. Discussion
Currently, the technical background information related to the introduction of support up to 71 GHz is not captured in TR 37.941. A CR was agreed with input to TS 38.141-2 capturing aspects related to FR2-2.
To this meeting we have divided our input into 4 different contributions:
1. A contribution with additional technical background information required to finalize the work in TS 38.141-2 (This contribution).
2. A CR to 37.941 with additions of technical background information relevant for EIRP/EIS measured in CATR and TRP measured in RC is provided in [7]. This CR is based on technical information captured in way-forward from last meeting [1, 2]. 
3. A CR to 37.941 with additions of technical background information relevant for TRP measured in a RC is provided in [8]. This CR adds MU evaluations for BS output power, ACLR, OBUE and spurious emissions. The background for this CR is presented in this contribution. 
4. A CR to 38.141-2 to capture MU for spurious emission and BS output power is provide in [9, 10]. This CR is split up into two different CRs with the same contents for Rel-17 and Rel-18.  
Based on the discussion of last meeting, RAN4 agreed on MU values for general test equipment as listed in Table 2-1.
   
Table 2-1: General test equipment agreements from last meeting
	Test equipment
	TE MU (std. dev.)
(dB)

	
	In-band
region
	Upper
out-of-band
region

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

	Vector Network Analyzer (VNA)
	0.85
	0.85
	0.85

	Power Meter (PM)
	0.98
	FFS
	Limited availability



It was agreed to use an additional power calibration stage to improve absolute power level MU during EIRP and EIS measurements. With the additional power calibration, a separate MU value for power meter was defined. The calibration procedure needs to be captured in TR 37.941. 
To resolve open issues for spurious emissions we have also provided MU for out-of-band measurements for two frequency ranges, 71 to 110 GHz and 110 to 142 GHz as listed in Table 2-2.
Table 2-2: Out of band MU values relevant for FR2-2
	Test equipment
	TE MU (std. dev.)
(dB)

	
	71 < f < 110
(GHz)
	110 < f < 142
(GHz)

	Spectrum/Signal Analyzer (SA)
	2.00
	2.30

	Power Meter (PM)
	1.50
	Limited availability



Proposal 1: For FR2-2 MU evaluation use SA MU of 2.00 dB for 71<f<110 GHz and 2.30 dB for 110<f<142 GHz and for PM MU use 1.50 dB for 71<f<110 GHz.







2.1 BS output power
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). For radiated transmit power (EIRP) and Reference Sensitivity (EIS) RAN4 have decided to calibrate the Spectrum Analyzer (SA) using a Power Meter (PM). The technical background is captured in [5]. 
In the MU evaluations of RAN4, the impact from individual MUs related to SA and Signal Generator (SG) are significant. However, for some requirements (such as Radiated transmit power and OTA reference sensitivity) it is possible to improve MU by using an additional 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.
As for EIRP/EIS, the concept of extended calibration of the SA can also be used for TRP BS output power measured in a CATR and RC. In the following text, the additional absolute power calibration is described for RC measurement of BS output power.
For RF measurements, the detector in a PM typically has lower absolute power MU compared to an SA. The SA relative power MU is typically very low, while absolute power MU is significantly higher. 

2.1.1 Calibration
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 RC calibration can be divided in several stages: 
1. Test range calibration
2. Validation of test range ambient noise level
3. Absolute power level calibration
The third stage is new, while the two first are slightly modified, due to presence of the PM, compared to previous description in TR 37.941. 
The test range calibration stage, validation of ambient noise level stage and absolute power calibration stage is visualized in Figure 2.1.1-1. 
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Figure 2.1.1-1: Test range calibration (top-left), validation of ambient noise (top-right) in an RC and absolute power level calibration (bottom)
The Spectrum Analyzer (SA) is connected in idle mode to present the proper signal scattering characteristics, and the EUT is also in the chamber to present relevant spatial and temporal scattering properties. Stirrers are assumed to operate in the same sequence as in the chamber characterization described in TR 37.941, subclause 7.8.1.
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 transmitted by the calibration antenna, here denoted reference antenna (Ref Tx). The complete transmission path from A to B is characterized in the calibration stage. 
In the test range calibration stage (Stage 1), the transmission loss from A to C is obtained. The test range calibration procedure is as follows:
1. Measure the transmission loss from D to C with a VNA.
2. Get the radiation efficiency  of the Ref Tx antenna.
3. Measure the reflection coefficient  at the input D of the Ref Tx antenna.
4. Calculate the loss from A to C as: 
 			(Linear units)
The path loss between A and C is captured with the calibration stage. LAC will be used in the measurement stage to be able to retrieve a calibrated TRP value. 
In the stage “validation of ambient noise” (Stage 2), the SA is used to secure the noise floor level within the chamber. This stage is defined to check that external leakage and internal noise is under control. In TR 37.941, subclause 11.2.5 it is recommended to have at least 20 dB SNR.  
In the absolute power calibration (bottom picture in Figure 2.1.1-1) the mode stirrer is fixed at a power optimal position configured such that the PM receives a signal within its dynamic range. Since the dynamic range of the PM is limited, an Attenuator (ATT) may be required. The attenuator setting, used in the absolute calibration stage must be equal to the setting used in the test range calibration stage. It is important to set the attenuation properly to ensure that the PM and the SA operate within their dynamic ranges. The difference between PM power level and SA power level is calculated in logarithmical scale as:
		(dB)
The difference should be characterized for each configuration of the BS over frequency (e.g., Top, Middle and Bottom channel within an operating band) as the absolute level may vary over the band. 


2.1.2 Measurement 
The TRP measurement stage for a RC is visualised in Figure 2.1.2-1.
                  [image: ]
Figure 2.1.2-1: TRP measurement
The attenuator setting, used in the measurement stage, must be equal to the setting used in the test range calibration stage.
In the measurement stage, the calibration antenna is terminated and the Equipment Under Test (EUT) is activated. Powers samples are measured for different stirrer positions. The measured power samples are corrected using the PM absolute offset D in logarithmical scale as:
 		(dBm)
The TRP level is then calculated as:
 	(Linear scale)
Here,  denotes average value (in linear scale) of all power samples and this power value is corrected for the losses from A to C.
[bookmark: _Hlk134005499]Proposal 2: For RC, adopt the described additional absolute power calibration for TRP BS output power MU evaluation. 

2.1.3 MU evaluation
For NR BS type 2-O, BS output power is defined as TRP in the carrier bandwidth. For FR2-2 the MU evaluation needs to be extended to cover the complete frequency region from 52.6 to 71.0 GHz. 
In the FR2-2 MU evaluation work presented here, the following assumptions were considered:
1. The MU contributions related to the OTA environment is kept constant from MU evaluation relevant for FR2‑1 for TRP measured in RC. The reason is that the physical dimensions of the chamber will scale down as function of frequency and therefore will maintain the corresponding MU values.

2. For the in-band OTA BS output power, no external down converter is required. Spectrum analyzers capable of the complete FR2-2 frequency range with required dynamic range are commercially available.

3. The standard uncertainty related to the VNA used for test range calibration (C1-3) is set to 0.85 dB (see Table 2-1). 

4. An additional intermediate calibration stage is added to improve MU for absolute power level measurement using a power meter. Therefore, the MU relevant for the power meter is used instead of the SA MU. The standard uncertainty for power meter is assumed to be 0.98 dB. This implies that standard uncertainty C1-1 can be set to 0.98 dB (see Table 2-1). 

The complete MU evaluation for OTA BS output power measured in RC is captured in Table 2.1.3-1.
Table 2.1.3-1: RC MU evaluation for OTA BS output power measurement, FR2-2
	UID
	Uncertainty source
	Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution
	ci
	Standard uncertainty ui (dB)

	
	
	57 < f < 71 GHz
	
	shape
	
	57 < f < 71 GHz

	Stage 2: BS measurement

	C1-1
	Uncertainty of the RF power measurement equipment (Power meter) - high power 
	0.98
	Normal
	1.00
	1
	0.98

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	U-shaped
	1.41
	1
	0.14

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	Normal
	1.00
	1
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

	C1-3
	Uncertainty of the network analyzer
	0.85
	Normal
	1.00
	1
	0.85

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	Normal
	1.00
	1
	0.50

	Combined standard uncertainty (1σ) (dB)
	1.49

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.93



Proposal 3: Adopt MU evaluation for BS output power measured in RC according to Table 2.1.3-1 (Expanded uncertainty of 2.93 dB). 

2.2 ACLR and OBUE
For ACLR, the MU evaluation is divided into two parts: Absolute ACLR MU and Relative ACLR MU. The background for the division was to analyze MU for the case where ACLR is defined as a power ratio and where the ACLR is defined as an absolute power limit. For the case where ACLR is defined as a power ratio many MU contributions may cancel out. For absolute ACLR the requirement level is in the range -13 to -20 dBm/MHz TRP. For FR2-1 MU evaluation it was decided to use a common approach to relative and absolute ACLR. Therefore, it would be reasonable to just have a common table for FR2-2 also. 
In the FR2-2 MU evaluation work the following assumptions are considered:
1. The MU contributions related to the OTA environment is kept constant from MU evaluation relevant for FR2‑1 for TRP measured in RC. The reason is that the physical dimensions of the chamber will scale down as function of frequency. This will result in maintained corresponding MU values.

2. For the in-band ACLR and OBUE (seen as in-band from an MU evaluation point of view) external down converter is not considered. Spectrum analyzers capable of the complete FR2-2 frequency range (+/- DfOBUE) with required dynamic range are commercially available.

3. The standard uncertainty related to the measurement receiver (C1-8) is set to 2.00 dB (see Table 2-2). 

4. The standard uncertainty related to the VNA (C1-3) used for test range calibration is set to 0.85 dB (see Table 2-1).

The MU evaluation is captured in Table 2.2-1.
Table 2.2-1: RC MU evaluation for relative ACLR, absolute ACLR and OBUE measurement, FR2-2
	UID
	Uncertainty source
	Uncertainty value 
(dB)

	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)


	
	
	
	
	
	
	

	Stage 2: BS measurement

	C1-8
	Uncertainty of the RF power measurement equipment (e.g., spectrum analyzer) 
	2.00
	Normal
	1.00
	1
	2.00

	A6-1
	Impedance mismatch in the receiving chain
	0.20
	U-shaped
	1.41
	1
	0.14

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.30
	Normal
	1.00
	1
	0.30

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

	C1-3
	Uncertainty of the network analyzer
	0.85
	Normal
	1.00
	1
	0.85

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	0.50
	Normal
	1.00
	1
	0.50

	Combined standard uncertainty (1σ) (dB)
	2.30

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	4.50



Proposal 4: Adopt MU evaluation for ACLR and OBUE measured in RC according to Table 2.2-1 (Expanded uncertainty of 4.50 dB). 

2.3 Spurious emissions
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. 
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. The following MU evaluation does not assume additional absolute power calibration.
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. 
In the FR2-2 MU evaluation work the following assumptions are considered:
1. The MU contributions related to the OTA environment is kept constant from MU evaluation relevant for FR2‑1 for TRP measured in RC. 

2. For the upper spurious region above the band, an external down converter and amplifier is accounted for.

3. The standard uncertainty related to the measurement receiver (C1-7) is set to 2.00 dB for the range 71 to 110 GHz and 2.30 dB for the range 110 to 142 GHz (see Table 2-2). 

4. The standard uncertainty related to the VNA (C1-3) used for test range calibration is set to 0.85 dB for the range 71 to 110 GHz and 0.85 dB for the range 110 to 142 GHz (see Table 2-2).
The MU evaluation is captured for 71 to 110 GHz in Table 2.3-1 and for 110 to 142 GHz in Table 2.3-2.


Table 2.3-1: RC MU evaluation for spurious emissions, 71 to 110 GHz
	UID
	Uncertainty source
	　Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)　

	
	
	71 GHz< f ≤ 110 GHz
	
	
	
	71 GHz< f ≤ 110 GHz

	Stage 2: BS measurement

	C1-7
	Uncertainty of the RF power measurement equipment (e.g., spectrum analyzer) - low power
	2.00
	Normal
	1.00
	1
	2.00

	A6-1
	Impedance mismatch in the receiving chain
	0.45
	U-shaped
	1.41
	1
	0.32

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.50
	Normal
	1.00
	1
	0.50

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

	C1-3
	Uncertainty of the network analyzer
	0.85
	Normal
	1.00
	1
	0.85

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	1.50
	Normal
	1.00
	1
	1.50

	Combined standard uncertainty (1σ) (dB)
	2.73

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	5.35




Table 2.3-2: RC MU evaluation for spurious emissions, 110 to 142 GHz
	UID
	Uncertainty source
	　Uncertainty value (dB)
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)　

	
	
	110 GHz< f ≤ 142 GHz
	
	
	
	110 GHz< f ≤ 142 GHz

	Stage 2: BS measurement

	C1-7
	Uncertainty of the RF power measurement equipment (e.g., spectrum analyzer) - low power
	2.30
	Normal
	1.00
	1
	2.30

	A6-1
	Impedance mismatch in the receiving chain
	0.45
	U-shaped
	1.41
	1
	0.32

	A6-2
	Random uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Stage 1: Calibration measurement

	A6-3
	Reference antenna radiation efficiency
	0.50
	Normal
	1.00
	1
	0.50

	A6-4
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	Normal
	1.00
	1
	0.27

	C1-3
	Uncertainty of the network analyzer
	0.85
	Normal
	1.00
	1
	0.85

	A6-5
	Influence of the reference antenna feed cable
	0.20
	Normal
	1.00
	1
	0.20

	A6-6
	Mean value estimation of transfer function
	0.27
	Normal
	1.00
	1
	0.27

	A6-7
	Uniformity of transfer function
	1.50
	Normal
	1.00
	1
	1.50

	Combined standard uncertainty (1σ) (dB)
	2.99

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	5.89



It should be noticed that UID A6-7 is currently set to 1.5 dB in the MU evaluation for spurious emission up to 142 GHz, even though much lower values are expected in practice. In [6], the measurement uncertainty related to uniformity transfer function was estimated to 0.5 dB at 100 GHz. 
Proposal 5: Adopt MU evaluation for transmitter spurious emission measured in RC according to Table 2.3-1 (Expanded uncertainty of 5.35 dB for 71<f<110 GHz) and Table 2.3-2 (Expanded uncertainty of 5.89 dB for 110<f<142 GHz). 
2.4 Input to other open issues
In the way-forward from last meeting (RAN4#106) open issues was collected as guidance for the discussion at this meeting. The open issues and some proposals are listed in Table 2.4-1.
Table 2.4-1: Other open issues
	Open Issue
	Proposal

	The need for additional LNA MU UID for low level requirements (such as TX OFF power, absolute ACLR, OBUE and spurious emissions).
	For some requirements the expected measured signal will be very low. For such requirements an additional LNA may be required. If it’s required, the impact of the LNA will be handled by the test range calibration procedure. Hence no new UID is required in the MU evaluation.

	Confirm OOB EM total MU to be taken from which test method.
	By tradition RAN4 allows for multiple test methods to be used. Hence the largest MU is used to set the TT. However, that assumes all considered test methods to be applicable for a specific test. If it turns out that a test method is not suitable for a specific test, then it should not be considered when TT is determined.

	Confirm EVM MU value [1.0]%.
	We think the EVM MU of 1.0% is reasonable for the spectrum/signal analyzer.



Proposal 6: No UID is required for additional LNA.
Proposal 7: To allow for using multiple test methods for a specific requirement, set TT based on maximum MU.
Proposal 8: Use EVM MU of 1.0 % for spectrum/signal analyzer.
























3. Conclusion
In this contribution we provide the technical background required to conclude the work to extend TS 38.141-2 to support up to 71 GHz. The agreements from last meetings and remaining details presented in this contribution should be captured in TR 37.941. 

The following proposals are presented for approval:
Proposal 1: For FR2-2 MU evaluation use SA MU of 2.00 dB for 71<f<110 GHz and 2.30 dB for 110<f<142 GHz and for PM MU use 1.50 dB for 71<f<110 GHz.
Proposal 2: For RC, adopt the described additional absolute power calibration for TRP BS output power MU evaluation. 
Proposal 3: Adopt MU evaluation for BS output power measured in RC according to Table 2.1.3-1 (Expanded uncertainty of 2.93 dB). 
Proposal 4: Adopt MU evaluation for ACLR and OBUE measured in RC according to Table 2.2-1 (Expanded uncertainty of 4.50 dB). 
Proposal 5: Adopt MU evaluation for transmitter spurious emission measured in RC according to Table 2.3-1 (Expanded uncertainty of 5.35 dB for 71<f<110 GHz) and Table 2.3-2 (Expanded uncertainty of 5.89 dB for 110<f<142 GHz). 
Proposal 6: No UID is required for additional LNA.
Proposal 7: To allow for using multiple test methods for a specific requirement, set TT based on maximum MU.
Proposal 8: Use EVM MU of 1.0 % for spectrum/signal analyzer.

In companion contributions CRs to TR 37.941 with relevant technical background information for MU evaluation and additional absolute power level calibration is provide. 
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