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1.
Introduction
At previous meeting, RAN4#68bis in Riga it was agreed [1] to focus on technical details and work with the definitions and conditions relevant for minimum requirement for radiated output power for AAS BS. As background information for this discussion this contribution analysis the EIRP for legacy systems using passive base station antennas. The EIRP distribution of legacy systems can be used as a baseline for corresponding requirements for AAS BS developed in this work item.
The EIRP for legacy base station can be derived using the information from the minimum requirement for conducted power, defined in xx.104 and information about typical antenna gain variation. 
This contribution continues the work required to find proper tolerances as part of radiated output power requirement based on EIRP for AAS BS.
2.
Discussion
It is proposed to define radiated output power requirement as a complement to current conducted output power requirement stated in current specifications (xx.104). It is proposed that rated radiated output power is declared by the base station manufacturer and a minimum requirement for normal condition defining an interval in which the declared rated power shall fall within. 
The minimum radiated requirement for output power is then defined as an interval in the similar fashion as current conducted requirement at the ARP connector.

From 37.840 the radiated output power as EIRP is defined as:
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 is the power at the transceiver boundary, 
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 is the antenna gain and 
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 is the feeder loss including matching loss.

In normal conditions, the conducted output power at each Antenna Reference Point (ARP) connector at the transceiver boundary must fall with in specified range +2.0 dB and -2.0 dB of the rated output power declared by the manufacturer.

For legacy base stations the antenna gain is not captured by 3GPP specifications. However typical nominal gain for a passive BS antenna including feeder loss has been indicated to be in the region of 15 dBi in a technical report [3] used for coexistence simulations. This information is not sufficient at this point since no information about the typical antenna gain variation is given. 

To estimate the gain distribution a simple measurement campaign was conducted.  Four commercially available passive base-station antennas named A, B, C and D was evaluated in an antenna test range. The tested antennas performance was limited to frequency band I, length 1.3 m and tilt-range 0-10 degrees from 4 different vendors. The result is listed in table 2.1.  

Table 2.1: Passive antenna gain measurement results
	Parameter
	Case
	Port
	A
	B
	C
	D

	Gain [dBi]
	Min
	M45
	16.5
	16.7
	17.0
	17.0

	
	Min
	P45
	16.8
	16.8
	17.0
	17.1

	
	Max
	M45
	18.4
	17.7
	18.2
	18.6

	
	Max
	P45
	18.4
	17.9
	18.3
	18.6

	
	Average
	M45
	17.6
	17.3
	17.6
	17.9

	
	Average
	P45
	17.7
	17.4
	17.7
	17.9


From Table 2.1 it can be noted that the average antenna gain difference between port M45 and port P45 average gain is less than 0.1 dB. The maximum difference between maximum and minimum per port is less than 2.0 dB. 
Since the feeder loss is dependent on scenario (RRU site or classic macro site), the feeder if neglected from now on in this contribution. For real scenarios it is important to note that the feeder loss distribution is a major contributor to the total variation of EIRP for legacy systems. 
Based on information given above it is assumed that the power at ARP and antenna gain is normal distributed variables. From this assumption the variance of EIRP can be calculated as:
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 is the standard deviation of the power distribution and 
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 is the standard deviation of the gain distribution. 
Assuming conducted power to be within the interval of +/- 2.0 dB with 99% confidence which corresponds to standard deviation for the power distribution to be 0.8 dB. Also it is assumed that the gain shall fall within the interval of +/- 1.0 dB with 99% confidence which corresponds to standard deviation for gain distribution to be 0.4 dB. In figure 2.1 the CDF curves for conducted power, antenna gain and EIRP is plotted for two cases. 
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Figure 2.1 EIRP distribution

The first case at the left shows distributions for EIRP based on given assumptions. To the right it is assumed that standard deviation for both power and gain is equal and set to 0.8 dB. In the first case EIRP falls within +/- 2.25 dB with 99% confidence and in the second case EIRP falls within +/- 2.8 dB with 99% confidence.  

From figure 2.1 it can be concluded that it is not correct to assume that the minimum requirement defined as EIRP for conducted power and antenna gain variations are additive. Of cause this analysis in only valid for normal distributed variables. Also it can be noted that the analysis indicates that the minimum requirement for radiated power could be stricter than emission requirement related to EMC [4].
For the coming work related to definitions of the interval associated to minimum requirement for radiated power it is important to consider following:

· The statistical properties of the conducted output power at ARP connectors.

· The statistical properties of antenna element gain or sub-array gain.
· Capture interactions between transceiver array and antenna array, such as total matching loss. These interactions will cause variation of antenna efficiency. 
· Study how the array factor will affect the spatial distribution of combined EIRP.
· Phase coherency variation and other characteristics variation as well

3.
Conclusion

This contribution presents some ideas in the area finding proper minimum requirement for radiated output power. This contribution focus on EIRP properties related to legacy base station systems only. The information related to legacy system can be used as a baseline for a minimum requirement for radiated power for AAS BS.
It is found that when defining minimum requirement for radiated power for AAS BS it is not correct sum add the intervals for conducted output power and antenna gain variations. 

It is indicated that EIRP distribution is stricter than the uncertainties specified for EMC.

When defining the minimum requirement for output power it is crucial to define the conditions used to derive the requirement, such as statistical properties for output power, antenna gain and other factors need to be captured.
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