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1 Inroduction

In the past few meetings, there have been active discussions on the EIRP accuracy requirements. Notably, there has been some consensus that the AAS EIRP accuracy requirement be equivalent to the EIRP accuracy expected from non-AAS systems. 

However, an accompanying component to the consideration of the EIRP accuracy requirement would be the accompanying test system uncertainty. The reason is that an agreement on the core specification requirement on the EIRP accuracy that is smaller than the agreed test measurement accuracy would render the core requirements ineffective. 

This document presents further discussion in this area in continuation of our previous submission in [1]. Specifically, we focus on the measurements uncertainties components that need to be considered for radiated measurements.
2 Discussion
In [1], we have provided the measurement accuracy components, given in the Table below, for the Free Space Range and Compact Range test methods. 
	Error type
	Free space range
	Compact range

	
	Error evaluation
	Comment
	Error evaluation
	Comment

	Illumination conditions
	Phase error
	From +/-0.005 to +/-0.01°
	
	From +/-5° up to +/-10°
	Estimation in the quiet zone, sum all potential related errors

	
	Amplitude error
	From +/-0.1 up to +/-0.2dB
	
	From +/-0.5 up to +/-1dB
	

	Range dimensions
	Ground and other reflections
	From 0 up to +/-0.2 dB
	Mainly depends on towers height
	-
	

	Measurement devices
	VNA error
	+/-0.05 dB
	Typical
	+/-0.05 dB
	Typical

	Gain references
	Standard Antenna gain 
	From +/-0.2 up to +/-0.5dB
	
	From +/-0.2 up to +/-0.5dB
	

	TOTAL
	From +/-0.3 to +/-1 dB
	From +/-0.7 to +/-1.5dB


The above have categorized the different error types as follow: Illumination error, Range Dimension error, Measurement Devices error, and Gain references Error. However, these error types may not be directly applicable for other measurement methods. 

It is therefore beneficial to generalize the measurement uncertainties that are applicable to most measurement methods. From the ECC recommendation in [2], some guidance has been made available and they are copied below for information.

---  

The example describes a radiated power measurement system. The power PRX is measured at a distance R from the transmit antenna. This is done using a measurement antenna with antenna gain GRX and a measurement receiver.

Figure 1: radiated power measurement

The calculation as given before is      
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With the additional parameter Aref representing reflections = interference of direct and reflected waves;

The measurement uncertainty of Prad. is a result of the measurement uncertainty of the input parameters. Some of these parameters again have multiple error sources creating their uncertainty. The error sources relevant in this example are discussed hereafter.

Frequency
The frequency f used in the formula is that of the carrier frequency. In reality not all the power components measured are on that frequency due to the modulation of the transmitter. Assuming that most of the power is concentrated within known boundaries from the carrier, the relative uncertainty (f is about 0.1%. The error distribution is assumed uniform.
Distance
The uncertainty of the distance is caused by the measurement uncertainty of the position of the transmit antenna and of the measurement antenna.

Antenna gain
The uncertainty of the antenna gain is caused by the calibration uncertainty of the antenna, the RF cables, the residual polarization mismatch, and the horizontal and vertical misalignment of the antenna. 
In formula: 
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This also includes possible misalignment in cases where a down-tilted base station antenna is used.
RX power
The uncertainty of the received power is caused by the calibration uncertainty of the receiver, mismatch between antenna and receiver, IF filter losses due to excess bandwidth of the transmitter and leakage of adjacent channel transmitters. 
In formula:
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Reflections
One of the main contributors to the overall measurement uncertainty are reflections. The relative amplitude of the reflections depends on the reflectivity of the ground and the objects built on it. The reflection is attenuated by the relative path length difference between direct wave and reflected wave and by the vertical pattern of transmit antenna and receive antenna. The amount of reflections in this example has been derived from analysis of the actual measurements as described in section A.1.8, which is 1.7 dB in this case.
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 Frequency

f Transmit frequency 0,075 uniform 1,7321 2 0,1



 Distance

R Distance between transmit and receive antenna 1,6 normal 2 2 1,6



 Antennagain

G

RX-CAL

Antennagain calibration 1,2 32 normal 2 1 15,9



A

HOR

Horizontal alignment error 0,1 2,3 uniform 1,7321 1 1,3



A

VERT

Vertical alignment error 0,05 1,2 uniform 1,7321 1 0,7



A

POL

Polarisation error 0,3 7,2 uniform 1,7321 1 4,1



   Antennapattern distortion of measurement antenna

A

MA

Distortion by antennapattern of measeurment antenna 0,03 0,7 uniform 1,7321 1 0,4



 Power

P

RX-CAL

Calibration testreceiver 0,7 17 normal 2 1 8,7



A

MIS

Mismatch 0,09 2,1 u-shape 1,4142 1 1,5



A

FILT

Filter losses 0,15 3,5 uniform 1,7321 1 2,0



A

NABU

Adjacent channel interference

 Reflections

A

REF

Reflections 2 58,5 uniform 1,7321 1 33,8



U(P

RAD

) Combined standard uncertainty normal 39



U Expanded standard uncertainty (95% conf.) normal (k=2) 77



 Combined measurement uncertainty is 10*10log(1+u(ERP))  =

2,49dB

Uncertainty  

neglectable


-------
3 Conclusion

This contribution referenced the recommendation provided by ECC on how to determine the radiated power through field strength measurements. As RAN4 is studying and compiling a list of individual uncertainty components, we proposed that the ECC described recommendation be considered as a starting point. 
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