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1. Introduction
At the last RAN4 meeting (RAN4#105 in Toulouse) the discussion related to FR2-2 BS RF conformance testing continued. The outcome from the meeting is captured in way-forward contributions [1].  
In this contribution we provide information related to receiver requirement conformance testing. For OTA reference sensitivity requirement, a complete MU evaluation for EIS in CATR is provided and for receiver spurious emission some further considerations.  
To stimulate the discussion on how to capture the technical background information relevant for receiver test requirements a package of draft CRs to TR 37.941 is provided in companion contributions [4, 5, 7].

2. Discussion
In the following sections some detailed information, related to FR2-2 MU evaluation for OTA reference sensitivity, receiver spurious emissions and out-of-band blocking, is provided.
   
2.1 OTA reference sensitivity
The OTA reference sensitivity requirement is a directional requirement and is intended to ensure the minimum OTA reference sensitivity level for a declared angular range referred to as OTA REFSENS RoAoA. The OTA reference sensitivity power level EISREFSENS is the minimum mean power received at the Radiated Interface Boundary (RIB) at which a reference performance requirement shall be met for a specified test signal referred to as Fixed Reference Channel (FRC). The OTA reference sensitivity requirement shall apply to each supported polarization, under the assumption of polarization match. The OTA reference sensitivity level in terms of EIS is measured when the throughput is ≥ 95% of the maximum throughput of the FRC signal. 
Based on the MU evaluation concept described in TR 37.941, the expanded MU for EIS measured in a CATR have been evaluated. The results for this MU evaluation are relevant for all directional receiver requirements including OTA reference sensitivity requirement. 
Based on details presented in previous sections in this document, the expanded MU for EIS in CATR is evaluated in Table 2.1-1. 
In this work the following assumptions are considered:
1. All MU contributions related to the OTA test environment is reused from FR2-1 MU evaluation. The reason is that the chamber physical dimensions will scale down as function of frequency. This will result in stricter mechanical tolerances and will maintain reasonable MU values. Experience shows that MU values for the OTA test environment can be re-used from FR2-1.

2. The MU contribution related to the signal generator (C1-2) is set to 1.20 dB (see Table 2.2-2 in [3]).

3. The MU contribution related to the VNA used for test range calibration (C1-3) is set to 0.40 dB (see Table 2.2-2 in [3]).

4. An additional intermediate calibration stage is added to improve the absolute power MU related to the FRC signal source. The absolute power of the FRC signal is calibrated using a power meter. The relevant MU after calibration is calculated as , since the VNA is required to calibrate the power splitter used for the PM.  Additional MUs related to this calibration are assumed to be small. The relevant calibrated MU to be used for the SG can be calculated to 0.50 dB (standard deviation). This implies that MU C1-2 can be set to 0.50 dB.

5. Uncertainties related to mismatch of transmit chain (B2-5) is kept constant since 0.57 dB seems to be relevant up to 71 GHz using the power meter as reference for absolute power accuracy. 

6. Uncertainty related to standing wave between BS and test antenna (B2-2) is kept at 0.21 dB which seems to be reasonable up to 71 GHz. 
Table 2.1-1: CATR MU value derivation for OTA sensitivity measurement, FR2-2
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the
	Divisor based on
	ci
	Standard uncertainty ui (dB)

	
	
	57 < f < 71 GHz
	probability
	distribution shape
	
	57 < f < 71 GHz

	Stage 2: BS measurement

	B2-1a
	Misalignment and pointing error of BS
	0.20
	Exp. normal
	2.00
	1
	0.10

	B2-2
	Standing wave between BS and test range antenna
	0.21
	U-shaped
	1.41
	1
	0.15

	C1-2
	Uncertainty of the RF signal generator (power calibrated with power meter)
	0.50
	Normal
	1.00
	1
	0.50

	B2-3
	RF leakage & dynamic range, test range antenna cable connector terminated.
	0.01
	Normal
	1.00
	1
	0.01

	B2-4a
	QZ ripple experienced by BS
	0.40
	Normal
	1.00
	1
	0.40

	B2-9
	Miscellaneous uncertainty
	0.00
	Normal
	1.00
	1
	0.00

	Stage 1: Calibration measurement

	C1-3
	Uncertainty of the network analyzer
	0.40
	Normal
	1.00
	1
	0.40

	B2-5
	Mismatch of transmit chain (i.e., between transmitting measurement antenna and BS)
	0.57
	U-shaped
	1.41
	1
	0.40

	B2-6
	Insertion loss of transmitter chain
	0.12
	Rectangular
	1.73
	1
	0.07

	B2-7
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.01
	Normal
	1.00
	1
	0.01

	B2-8
	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

	B2-11
	Misalignment of positioning system
	0.00
	Exp. normal
	2.00
	1
	0.00

	B2-4b
	QZ ripple experienced by calibration antenna
	0.10
	Normal
	1.00
	1
	0.10

	B2-10
	Rotary joints
	0.00
	U-shaped
	1.41
	1
	0.00

	B2-1b
	Misalignment and pointing error of calibration antenna
	0.00
	Exp. normal
	2.00
	1
	0.00

	B2-12
	Standing wave between SGH and test range antenna
	0.09
	U-shaped
	1.41
	1
	0.06

	B2-13
	Switching uncertainty
	0.10
	Rectangular
	1.73
	1
	0.06

	Combined standard uncertainty (1σ) (dB)
	0.96

	Expanded uncertainty (1.96σ – confidence interval of 95 %) (dB)
	1.88



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 SG absolute power accuracy. 

Proposal 1: For FR2-2 EIS measurements in CATR adopt MU evaluation presented in Table 2.1-1.
Proposal 2: For FR2-2 adopt expanded uncertainty of 1.88 dB for OTA reference sensitivity requirement in normal condition. 

For completeness of TR 37.941 a draft CR with MU table and some additional information is provided in a companion contribution [4].

2.2 Receiver spurious emissions
For a TDD system operating in a network, it is not possible to differentiate the emission coming from the receiver from the emission coming from the transmitter. It would be reasonable to re-use the same test methods and corresponding MU evaluations for testing receiver spurious emissions as defined for transmitter spurious emissions.  
Previously for NR, receiver spurious emission has been tested using the same test method as defined for transmitter spurious emission. In [6] a complete MU evaluation for measuring unwanted emissions in an RC is presented for transmitter spurious emissions. For a BS operating in TDD, the OTA receiver spurious emissions requirement is defined during the transmitter OFF period only. This means that the OTA test method used for transmitter spurious emission can be used but for receiver spurious emission the test equipment is reconfigured to measure spurious emission in the transmitter OFF period.
Proposal 3: For FR2-2 receiver spurious emission adopt the same test methods and corresponding MU evaluation as defined for transmitter spurious emissions in the companion contribution [5].

2.3 Receiver out-of-band blocking
For receiver out-of-band blocking traditional antenna test ranges such as direct far field in the indoor anechoic chamber (IAC) and in-direct far field in the compact antenna test range (CATR) is not suitable due to the large frequency range (30 MHz to 142 GHz) of the out-of-band frequency region. Therefore, a concept of general chamber was defined for BS type 1-O and BS type 2-O for requirements not suitable in traditional antenna test ranges. The general chamber is quite similar to an EMC chamber, in which the test distance and measurement antenna can easily be optimized for the considered frequency. In comparison, IAC and CATR chambers are equipped with absorptions material on all walls to minimize reflections. For the general chamber, flexibility to change the test distance is prioritized, which results in larger distortions due to reflections compared to IAC and CATR. The general chamber concept is described in TR 37.941, subclause 7.7.
For out-of-band blocking requirement a wanted signal is illuminating the test object at the same time as an interferer signal, as visualised in Figure 2.3-1.
[image: ]
Figure 2.3-1: Test setup for out-of-band blocking
The details related to wanted signal power level and interferer signal power level is given in Table 2.3-1.
Table 2.3-1: Parameters relevant for out-of-band blocking requirement
	Frequency range of interfering signal
(MHz)
	Wanted signal mean power
(dBm)
	Interferer RMS field-strength
(V/m)
	Type of interfering signal

	30 to 12750
	EISREFSENS + 6 dB
	0.36
	CW carrier

	12750 to FUL_low - 3500
	
	0.1
	

	FUL_high + 3500 to 2nd harmonic of the upper frequency edge of the operating band
	
	0.1
	



For band n263, defined between 57000 to 71000 MHz the upper test limit of 2nd harmonic will be equal to 142 GHz. To generate the interferer over the complete frequency range 30 MHz to 142 GHz some analysis regarding required power levels is needed. 
The required EIRP for the transmitted signal can be calculated in dBm as:
,
where E is the RMS field strength level in V/m and r is the distance between test object and test range antenna in meters, and  where  is free space impedance. From EIRP, the conducted power required by the signal generator can be calculated in dBm as:
,
where G is the test range antenna gain in dBi.
The required interferer power level into the test range antenna is listed in Table 2.3-2 for test distances 2 m and 10 m (assumptions previously used in [3]) and test range antenna gain equal to 14 dBi. Moreover, the test range antenna gain will vary over the large frequency range to be covered for the interferer signal. 
Table 2.3-2: Required interferer signal EIRP
	Frequency range
(MHz)
	RMS field strength
(V/m)
	Test distance
(m)
	EIRP
(dBm)
	P
(dBm)

	30 to 12750
	0.36
	2
	12.4
	-1.6

	12750 to 142000
	0.10
	2
	1.2
	-12.8

	30 to 12750
	0.36
	10
	26.4
	12.4

	12750 to 142000
	0.10
	10
	15.2
	1.2



The required power for the interferer signals seems to be reasonable from a signal generator capability perspective. If a power amplifier is added in the test setup the power after the amplifier can be calibrated using a power meter. Which would result in no additional MU to be added for the amplifier. 
Observation: For FR2-2 out of-band blocking the required interferer power levels seems to be realistic to produce in an OTA test environment.
The interferer signal level needs to be considered when MU for out-of-band blocking is considered. 
Proposal 4: For out-of-band blocking focus MU evaluation work on the test method based on the general chamber, where test distance between the test object and interferer signal test range antenna is adjustable. 
To account for MU related to the wanted signal and the interferer signal, the standard uncertainty, i.e., one standard deviation, for out-of-band receiver blocking is derived as:
,
where EIS, I and PA are the standard uncertainties of the wanted signal related to reference sensitivity, interferer signal, and the additional power amplifier, respectively.  Moreover, n is a factor to account for additional broadband noise. 
Table 2.3-3: Additional MU values for receiver out-of-band blocking
	Parameter
	Standard Uncertainty
(dB)
	Note

	sEIS
	0.96
	EIS MU value derived for FR2-2 measurement in CATR (see section 2.1).

	si
	2.40
	Interferer signal MU is set to SG MU at 142 GHz, see Table 2.2-2 in [9].

	sPA
	0.40
	This MU value considers external PA amplifier to be used for the interferer signal.

	n
	0.30
	This MU value capture effects related to SG broadband noise.



For previous MU evaluations related to FR1 and FR2-1, one MU for the complete range from 30 MHz to the upper test limit have been defined. For FR2-2, with an upper test limit set to 142 GHz it could be relevant to differentiate the MU evaluation for different sub-frequency ranges (e.g., 0.03 to 52.6 GHz, 71 to 110 GHz and 110 to 142 GHz). This would allow for improving the MU for frequencies less than 142 GHz, using e.g., calibration of absolute power level for the interferer. 
With given values, the total MU standard deviation can be calculated to 2.92 dB. The total expanded MU for receiver out-of-band blocking can be calculated to 5.72 dB.
Proposal 5: For FR2-2 set total expanded MU for receiver out-of-band blocking to 5.72 dB.
In [7] a draft CR to TR 37.941 with technical background information relevant for the MU evaluation is presented for endorsement. 
























3. Conclusion
In this contribution we present information relevant for FR2-2 MU evaluation for measuring OTA reference sensitivity in CATR, Receiver spurious emissions in RC and out-of-band blocking in general chamber.
To further progress the work following proposals are presented for approval:
Proposal 1: For FR2-2 EIS measurements in CATR adopt MU evaluation presented in Table 2.1-1.
Proposal 2: For FR2-2 adopt expanded uncertainty of 1.88 dB for OTA reference sensitivity requirement in normal condition. 
Proposal 3: For FR2-2 receiver spurious emission adopt the same test methods and corresponding MU evaluation as defined for transmitter spurious emissions in companion contribution [5].
Proposal 4: For out-of-band blocking focus MU evaluation work on the test method based on the general chamber, where test distance between the test object and interferer signal test range antenna is adjustable. 
Proposal 5: For FR2-2 set total expanded MU for receiver out-of-band blocking to 5.72 dB.
In a companion contribution [4] a draft CR to TR 37.941 is provided to include technical information related for measuring EIS in CATR. 
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