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8.3.2	Power level measurement setup with calibration for TRP
For FR2-2 inband TRP and ACLR-relative measurement, Figure 8.3.2-1 shows specific power measurement equipment setup with continuous calibration during measurement. This setup with procedure described in this section allows to have better accuracy measurement with use of power sensor accuracy value.
[image: ]

Figure 8.3.2-1: Power measurement equipment setup with calibration for TRP
Following condition should met to use method described in this section.
-	Calibration purpose signal should always be available to power sensor and spectrum analyser by either switching or splitter. Calibration should always be done with each signal measurement. 
-	Calibration purpose signal level needs to be in range of power sensor measurable range with good accuracy. And difference from actual signal level to calibration signal level needs to be inside of the same attenuator setting (no attenuator switching) of spectrum analyser.
-	Prepare calibration purpose signal to have the same bandwidth as of carrier bandwidth for measurement.
Following is calibration and measurement procedure to do relative measurement with calibration signal to actual signal (by power sensor and spectrum analyzer) on each physical point for TRP. Please note that, procedure described here needs to be done on each physical measurement point for each individual measurement.
The calibration and measurement procedure are as follows:
1. Prepare calibration purpose signal which has the same signal bandwidth as channel bandwidth for measurement.
2. Measure calibration purpose signal power by power sensor (signal path A to B in Figure 8.3.2-1). Signal level should be measurable range by power sensor with good accuracy. 
3. Switch signal path to spectrum analyzer then measure signal level (signal path A to D) and calibrate reading by comparing reading from power sensor. At this time, make sure that calibration signal level is in high end of dynamic range of analyzer which doesn’t require changing attenuator level inside analyser for actual measurement in next step.
4. Switch calibration signal to actual signal from DUT (receiver antenna) for actual measurement (signal path C to D) and measure signal level. Measured signal level should be within measurable range by analyzer with no attenuator change in analyzer from previous step. 
5. For the case of relative ACLR measurement, repeat step 1 through 4 above for lower adjacent channel, target channel, and higher adjacent channel. This calibration and measurement process should be done at every physical measuring point of TRP. 
For those measurements which has measurement bandwidth defined in requirements, absolute ACLR, OBUE, spurious emissions, method and procedure described in this section is not applicable. It’s not feasible and practically possible to perform and repeat these steps at each frequency point of measurement BW during total measurement frequency range. It would be hundreds or thousands of calibration measurements needs to be done on each physical point of TRP measurement.
<< Unchanged clauses skipped >>
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To correctly determine the TRP by the BS a calibration step to account for losses in cables, antennas, etc. is required. A reference PTF is determined at each frequency of interest by using a relevant reference TX antenna (REF TX ant). The chamber should be set up identically to the actual set up of the TRP measurement, which means the BS has to be in the room, the same stirring procedure has to be used, etc.

A minimum Nref = 1 reference measurement is required, but it is noted that more measurements can be used to estimate the reference PTF and that this will lead to a reduction of the uncertainty by a factor . The radiation efficiency, η, of the reference antenna can be assumed to be the value declared by the manufacturer or can be determined in a separate antenna efficiency measurement.
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(a)						(b)					(c)
Figure 8.8-1: The procedure for TRP measurements uses three consecutive setups: (a) Reference measurement, (b) ambient noise measurement (b), and (c) TRP measurement. The blue dots indicate the measurement planes
Calibration procedure:
1)	Place the BS and the REF TX ant in the working volume of the RC. Turn off BS power and BS controls. See figure 8.8-1 (a). If more positions are used to determine the reference PTF the REF TX ant should be placed at uncorrelated positions within the test volume.
2)	Set the stirrers and turntables in the mode of operation used in the chamber characterization.
3)	Set the sampling rate as in the chamber characterization.
4)	Connect the REF TX ant and the RX antenna with a calibrated Network analyser (NA).
5)	Measure the scattering parameters or received power over a complete stirring cycle for each frequency of interest and for each position and orientation.
6)	Calculate the reference transfer function, P(r).
7)	Calculate the mis-match efficiency, M1(r).

8.8.1	Additional power level 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. 
The usage of PM as power measurement equipment for TRP test case assumes the following conditions need to be met:
a. The measured signal power level needs to be strong enough to fall within the dynamic range of the power meter when considering the overall path loss in the OTA system.
b. The measured signal needs to be sufficiently clean from spurious emissions like harmonics, images, LO-leakage, etc to maintain expected MU. In order to ensure a noise level which does not affect the expected MU, the minimum SNR must be >10dB to ensure no impact to MU. 
c. The wideband noise level (including unfiltered components in point b. above) must be significantly lower than the measured carrier power level. To reduce wideband noise level, the use of band pass filter before power sensor is assumed.
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 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 8.8.1-1. 
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Figure 8.8.1-1: 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 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 (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, 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, including the Rx antenna gain, is captured between A and C with the calibration stage. LAC will be used in the measurement stage to be able to retrieve a calibrated TRP value. 
In the validation of ambient noise stage, 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 8.8.1-1) the mode stirrer is fixed at a power optimal position where 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 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. 
The TRP measurement stage for a RC is visualised in Figure 8.8.1-2.
                  [image: ]
Figure 8.8.1-2: 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. In an RC the TRP is measured as an average of many power samples measured for different stirrer positions. 
In the TRP measurement the mode stirrers are moving and  is measured using the SA. The measured power is then 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.
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Test equipment uncertainty values
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C1-1 Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter)
The receiving device used to measure the received signal level in the EIRP tests either as an absolute level or as a relative level. These receiving devices to name a few are spectrum analyzers, network analyzers or power meter. These devices will have an uncertainty contribution of their own; this value declared by the test gear vendor should be recorded as this uncertainty contribution. If a power meter is used then both measurement uncertainty and out of band noise is considered as part of the contribution. This uncertainty value can be found in table C2-1 and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-2 Uncertainty of the RF signal generator
The use of this signal generator introduces an uncertainty on the absolute output level. The uncertainty value will be indicated in the manufacturer's data sheet in logs. This uncertainty value can be found in Annex C2-1 and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-3 Uncertainty of the network analyser
Drift (temp, oscillators, filters, etc.) start-to-end time of measurements
This uncertainty includes all the uncertainties involved in the S21 measurement (including drift and frequency flatness) with a network analyzer, and will be calculated from the manufacturer's data in logs. This uncertainty also includes analyzer uncertainty for multi-polarization (2 or more ports) measured simultaneously. This uncertainty value can be found in table C2-1 and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-4 Uncertainty of the absolute gain of the reference antenna
This uncertainty consists of the uncertainty of the gain value associated with the gain value denoted from the antenna calibration. This uncertainty value can be found in table C.2-1 and was a result of compromised value in order to align all test methods having this uncertainty contribution.
C1-5 Measurement receiver (co-location)
Error for the receiver used to measure the noise floor level in the co-location test.
C1-6 Noise figure measurement accuracy
Noise figure calibration accuracy used for the low power levels used during the co-location measurements.
C1-7 RF power measurement equipment (e.g. spectrum analyser, power meter, mixer) - low power (UEM, absolute ACLR)
Measurement equipment error associated with measuring low power absolute high frequency (FR2) unwanted emissions. Use of mixer is also allowed as alternative with spectrum analyzer for IF frequency. 

C1-8 RF power measurement equipment (e.g. spectrum analyzer, power meter) - relative (ACLR)
Measurement equipment error associated with measuring low power relative high frequency (FR2) unwanted emissions.
C1-9 RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time domain wideband measurement for FR2
Measurement equipment error associated with measuring low power, wide band time domain high dynamic range signals required for the Tx OFF transient test.
C1-10  Uncertainty of the RF power measurement equipment (power meter, power sensor) – high power (EIRP)
Power meter and sensor used to measure the received signal level in the EIRP test. Power meter and sesor shall be used with appropriate band pass filter to remove out of band noise contribution with all of following condition met. It is important to maintain signal to noise ratio (SNR) better than 10 dB, otherwise should not be used.  This uncertainty value can be found in table C2-2a. 
· Reduce total noise level below acceptable level comparing with signal power, acceptable level is to maintain SNR better than 10 dB.
· Appropriate bandpass filter is required to reduce out of band noise for meeting acceptable SNR level.
· Measured total signal level is within measurable range of power sensor.
· Power meter and sensor can not be used alone for test with measurement bandwidth defined in requirement and TRP, power meter in conjunction with spectrum analyzer should be used as described in subclause 8.8.1.
Following figure illustrate SNR requirement describe above is achievable with considering ACLR relative requirement. Out of band broadband noise is removed by band pass filter. In this figure, 1000 MHz outside from far side of adjucent channel edge is considered enough for reducing level by filter. Inside of filter pass band, because of ACLR relative requirement, which is 24 dBc for FR2-2, calculation of total noise inside vs signal level shows SNR better than 10 dB.
Figure C.1-1, use of power sensor for EIRP measurement 
[image: ]
In example shown in figure above, noise power of two adjacent channel is -21 dBc at most because of ACLR relative requirement. Further outside region 1000 MHz wide, with assuming the same noise level as worst case, has -11 dBc in total at most. Worst case total noise power in pass band is sum of these two dBc number which is -10.6 dBc. This is better than 10 dB SNR requimrent even worst-case analysis as above.

C1-11 Uncertainty of the RF Signal Generator with power monitoring and controlling by power sensor 
Signal level error from signal generator or up converter and optionaly with power amplifier which generated power level is monitored and controlled by power sensor during test is performed. With this technieque, signal generator level error can be replaced by power sensor error, which needs to include various sensor error with mis-match contribution from power splitter to sensor and power unbalance of power splitter.
MUTestEquipment Uncertainty of the RF signal generator
Uncertainty of the RF signal generator used for modulated interferer. For FR2-2, use the same technique as C1-11 which is to use power sensor to monitor signal level then control output level during test is performed. 
MUCwint CW interferer signal level error
Uncertainty of the RF signal generator used for CW interferer. For FR2-2, use the same technique as C1-11 which is to use power sensor to monitor signal level and control output level during test is performed. 
MUOOBint Uncertainty for the OOB interferer signal
Uncertainty of the RF signal generator used for OOB interferer (CW). For FR2-2, use the same technique as C1-11 which is to use power sensor to monitor signal level and control output level during test is performed.
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The following uncertainty distribution and standard uncertainty (σ) values proposed by test vendors are adopted for the RF power measurement equipment, RF signal generator, and network analyzer to calculate the uncertainty budget.
Table C.2-1: Test equipment uncertainty values for FR1
	UID
	Instrument
	Use case
	Measurement Uncertainty type
	Standard uncertainty σ (dB)
	Probability distribution

	
	
	
	
	f ≤ 3 GHz
	3 GHz < f ≤ 4.2 GHz
	4.2 < f ≤ 6 GHz
	

	C1-1
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	Measurement stage
	Total amplitude accuracy
(with input levels down to ‑70 dBm)
	0.14
	0.26
	0.26
	Gaussian

	C1-2
	RF signal generator
	Measurement stage
	Level error
	0.46
	0.46
	0.46
	Gaussian

	C1-3
	Network analyzer
	Calibration stage
	Accuracy of transmission measurements
	0.13
	0.20
	0.2
	Gaussian

	C1-5
	Measurement receiver (co-location)
	Measurement stage
	Amplitude accuracy
	0.41
	0.74
	0.8
	Gaussian

	C1-6
	Noise figure measurement accuracy
	Calibration stage
	Amplitude accuracy
	0.2
	0.2
	0.2
	Gaussian

	NOTE:	Standard uncertainty values were derived from datasheets of mid-tier to high-end RF signal generators, spectrum analyzers, and VNAs. Standard uncertainty values of power measurement equipment were derived from datasheet of spectrum analyzers.



Table C.2-2: Test equipment uncertainty values for FR2-1
	UID
	Instrument
	Standard uncertainty σ (dB)
	Probability distribution

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

	C1-1
	Uncertainty of the RF power measurement equipment (e.g. spectrum analyzer, power meter) - high power
	0.50
	0.70
	 Gaussian

	C1-2
	RF signal generator
	0.90
	0.90
	Gaussian

	C1-3
	Network Analyzer
	0.30
	0.30
	Gaussian

	C1-7
	RF power measurement equipment (e.g. spectrum analyzer, power meter) - low power (UEM)
	0.90
	0.90
	 Gaussian

	C1-8
	RF power measurement equipment (e.g. spectrum analyzer, power meter) - relative (ACLR)
	0.75
	0.90
	 Gaussian

	C1-9
	RF power measurement equipment (e.g. spectrum analyzer, power meter) - relative (ACLR)
	1.25
	1.45
	Gaussian



Table C.2-2a: Test equipment uncertainty values for FR2-2 inband measurement
	UID
	Uncertainty source 
	Standard uncertainty σ (dB) 57 < f ≤ 71 GHz
	Note

	C1-3
	Uncertainty of the Network Analyzer
	0.85
	

	C1-7
	Uncertainty of RF power measurement equipment (e.g. spectrum analyzer, power meter, mixer) – low power (UEM, absolute ACLR)
	2.0
	Spectrum Analyzer for FR2-2 frequncy range. Optionally use of mixer with spectrum analyzer with IF allowed

	C1-8
	RF power measurement equipment (power meter, power sensor) – relative (ACLR)
	2.0
	Spectrum Analyzer for FR2-2 frequency range.

	C1-9
	RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time domain wideband measurement for FR2
	2.61
	For FR2-2, take FR2-1 Tx off power value of frequency in 24~29G 1.25 as IF MU with IF mismatch 0.41 and mixer.
RSS of (1.25, 2.25, 0.41)

	C1-10
	Uncertainty of the RF power measurement equipment (power meter, power sensor) – high power (EIRP)
	0.98
	

	C1-11
	Uncertainty of the RF Signal Generator with power monitoring and controlling by power sensor 
	0.98
	For FR2-2 Rx test

	MUTestEquipmen
	Uncertainty of the RF signal generator of modulated interferer. 
	0.98
	Same value as C1-11 with using the same technique with power sensor for monitoring and controlling signal level

	MUCwint
	Uncertainty of CW interferer signal level error
	0.98
	Same value as C1-11 with using the same technique with power sensor for monitoring and controlling signal level

	EVM
	OTA modulation quality
	1.0%
	



Table C.2-2b: Test equipment uncertainty values for FR2-2 out of band measurement
	UID
	Uncertainty source
	Standard uncertainty σ (dB)
	Note

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

	C1-3
	Uncertainty of the Network Analyzer
	0.80
	1.00
	

	C1-7
	Uncertainty of the RF power messurement equipment (e.g spectrum analuzer, power meter, mixer) – low power (UEM, absolute ACLR)
	2.00
	2.30
	Spectrum Analyzer for FR2-2 frequncy range. Optionally use of mixer with spectrum analyzer with IF allowed

	MUOOBint
	Uncertainty for the OOB interferer signal with using power sensor as monitoring and controlling of signal power level
	0.98
	0.98

	Same value as C1-11 in Table C.2-2a with using the same technique with power sensor for monitoring and controlling signal level
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