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1. Introduction
RAN5 has discussed the MU threshold for EIRP and TRP measurements for UE maximum output power. However, there is still no consensus. In this paper, we provide our input toward reaching consensus on the mmWave test setups.
2. Proposal for MU threshold
For evaluation of measurement errors, several study results have been summarized in the technical report 38.903 [1]. The measurement uncertainty (MU) for FR 2 EIRP power could be caused by two factors, the measuring device (systematic error) and the skill of the experimenter making the measurements (random error). A reasonable MU threshold requirement for the measuring device is important as it could create many impacts to the FR2 NR system and development.

2.1 Impact to Network Planning
EIRP measurement is an essential RF testing requirement, and plays a fundamental role in 5G NR RF conformance testing. For this requirement RAN4 has defined the minimum EIRP for Power Class 3 (PC3) UE as the spherical EIRP coverage. Also, the levels of EIRP power (without tolerance) are relatively low in general in RAN4 specs [3]. In the table below the possible ranges of outcome measurements are calculated based on the current uncertainty assessment in Table B.3.2-2 in [1]. Obviously the range of EIRP power measurements would be a large variance.  And, all of the device would pass this validation as long as their measured EIRP power level falls in the range. 

In fact, a larger MU threshold would derive large range of tolerances for the EIRP measurement. And, this tolerance would neither reflect a practice EIRP power level nor provide useful reference information for network planning. Because of the range of tolerance, another primary issue is that testing would not produce the accurate uplink budget and coverage standpoint for the FR2 device. 

The large MU threshold will also bring in more issues to determine correct UE transmitter characteristics

Table 1: Possible ranges of EIRP measurement results
	RAN4 PC3 UE in specs (GHz)
	Minimum spherical EIRP in dBm from 38.101-2
	Standard uncertainty (σ) [dB] from Table B.3.2-2 in 38.903
	Agreed TT Value
	Possible range of outcome EIRP measurement 

	N260 (39GHz)
	8.00
	4.78
	0.65
	4.893~11.107

	N261 (28GHz)
	11.5
	4.41
	0.65
	8.634~14.366




2.2 Impact to FR2 transmitter characteristics
The purpose of EIRP measurements is to validate the FR2 transmitter characteristics. For this, RAN4 has defined the single band spherical EIRP requirement, as well as multi-band relaxation factors for the PC 3 device [3]. As the major power factors would be less than 1dB in accuracy applied to multi-band 28GHz and 39GHz band PC3, we are wondering if a large MU threshold from RAN5 could provide accurate results in the testing for the multi-band PC3 operation.

Accordingly, the large MU threshold could lead to further impact for major standardized transmitter characteristics of FR2 devices, including the measurement of transmitter power, power configuration, output power for UL-MIMO, minimum output power configuration, output power (On/Off) dynamics, power signal quality, RF spectrum emissions and beam correspondence. All these transmitter characteristics are a function of EIRP measurement in transmit bandwidths, and these transmitter characteristics are important in FR2 hardware design for OEM companies and in the management of FR2 systems for Operators.

RAN5 needs to be careful in making a decision for the MU threshold because the impact from it could have long-term impacts to the major RF transmitter characteristics for FR2 devices. Another issue here is that the justification of MU threshold would take a period of time, once a test laboratory makes the investment, the test system could be easily used for 10 years or longer. And, we cannot “fix” the TE equipment and test systems later. This is another reason why RAN5 should avoid to use the worst MU value in RAN5 Test requirements.

2.3 Impact to validation of FR2 device 
The purpose of device validation is to enable end user to better understand the RF design quality, the RF characteristics and the overall accuracy of power model, used in assessing of the uncertainty is an important as part of the validation itself. 

Clearly, a large source of uncertainty in EIRP power measurement will produce a large range of power tolerance. For a decision on the requirements, the major factors of PC3 EIRP power level and transmitter characteristics should be considered. Otherwise, the probability-of-failure tolerance would be not correctly reflected in device validation. And, the precise definition of EIRP power and other confidence factors could not be guaranteed in the safe operation of mmWave system.

It is necessary to reduce the MU threshold further to ensure the NR EIRP power definition. In a comparison of RAN4 spec [2], there are some exact uncertainty budgets used in RAN5 39.903 too (e.g., Mismatch, Uncertainty of the RF power measurement, Amplifier uncertainties, Uncertainty of the Network Analyzer, Pointing misalignment …). Nothing is incorrect here, but further calibration EIRP Expanded uncertainty seems needed in RAN5 spec. 


2.4 Proposals 
Based on discussion above, we have suggest the following proposal and would like RAN5 to accept it in requirement,

Proposal 1: MU value for EIRP measurement should be same as Table 2 below

Table 2: MU threshold for EIRP measurement for UE maximum output power
	Frequency
	MBW
	Power
	Aperture size
	MU value

	23.45GHz <= f <= 32.125GHz
	BW <= 400MHz
	P = Max Output Power
	D <= 5cm
	3.10

	
	
	
	5cm < D <= 15cm
	FFS

	32.125GHz < f <= 40.8GHz
	
	
	D <= 5cm
	3.40

	
	
	
	5cm < D <= 15cm
	FFS





3. Conclusion
For a proper validation of FR2 EIRP power level and transmission characteristics, the MU thresholds on Table B.3-1 in [1] should be modified as below for the measuring device.

Proposal 1: MU values for EIRP measurement should be same as Table 2 below

Table -2: MU threshold for EIRP measurement for UE maximum output power
	Frequency
	MBW
	Power
	Aperture size
	MU value

	23.45GHz <= f <= 32.125GHz
	BW <= 400MHz
	P = Max Output Power
	D <= 5cm
	3.10

	
	
	
	5cm < D <= 15cm
	FFS

	32.125GHz < f <= 40.8GHz
	
	
	D <= 5cm
	3.40

	
	
	
	5cm < D <= 15cm
	FFS
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