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1. Introduction

RAN4 have since the beginning of the AAS WI discussed details of a minimum level for OTA sensitivity RF core requirement. 
Currently in Release 13, the requirement designed around a declaration of EIS, which should be met within a certain spatial region. This means that one EIS value is declared per OSDD. For all AoA of the impinging FRC signal the declared EIS level at a specified link quality is met. 
In Release 14, the discussion is suggesting to create a complete OTA requirement with a minimum sensitivity level. Which is a foundation for other receiver requirements to be defined in the OTA domain.

This contribution continues to elaborate around some issues regarding how a minimum requirement could be defined.  
2. Discussion

In the radiated domain the minimum sensitivity requirement represents a threshold for minimum sensitivity performance. Base stations with sensitivity better than minimum sensitivity level will pass the requirement.
In [1], it can be concluded that the minimum sensitivity level as EIS can be derive using the following formula:
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, where Prx is the reference sensitivity level for a non-AAS base station, is the estimated directivity and L is a loss factor accounting for antenna losses. The D factor represent the estimated minimum antenna directivity of a non AAS BS within the range of angles of arrival (that is part of the OSDD declaration), calculated using one of the options below. 
According to [1], two options for deriving the D factor have been identified, one of these options should be decided and adopted for the requirement captured in the specification.

1. Derive D, based on OSDD parameters. In [4] it is described how maximum directivity is approximated using a formula.
2. Make a table of possible D based on BS class, number of sectors and possibly some other factors. In detail described in [2, 3].
The antenna loss factor, L, includes feeder loss, matching-loss and antenna efficiency for a passive base station antenna. 
Let’s now look on the directivity. At the first glance, it seems strange to consider element factor for passive base station antennas. However, since the minimum sensitivity requirement applies within the complete RoAoA, not only at peak directivity, the spatial aspect to directivity must be considered too. The conclusion is that for OTA sensitivity we can’t use the maximum directivity for deriving the minimum sensitivity level, instead the directivity related to directions related to a given OSDD needs considerations. 
Let’s explore the directivity for a wide area 3-sector passive base station antenna base in Figure 2-1. Horizontal diagram for all three sectors are plotted together. It can be noted that the directivity has dropped about 10 dB at the sector boarders. It is reasonable to believe for a 3-sector deployment that the RoAoA part of OSDD is declared to be associated to the sector borders. 
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Figure 2-1: Directivity properties of a traditional 3-sector site
It is clear that the horizontal HPBW is not equal to the sector border. From this a question arises, is it possible to set the horizontal angular properties of an RoAoA equal to the horizontal beam width? The current requirement definition does not look the RoAoA to HPBW. Eventually, instead of using half-power beam-width, a concept where -10 dB beam-width could be used, at least for 3-sector deployments. But if so, then the equations for estimating directivity must be adapted accordingly. 
Using half power beam width as mark for RoAoA means that the actual directivity is dropping 3 dB from the peak, if the sector boarder is used then the actual directivity is dropping 10 dB below the peak. 
2.1
Option 1
For this option the maximum directivity is estimated by using information from RoAoA part of OSDD. This approach requires the RoAoA in the -axis to be set equal to HPBW and RoAoA in the -axis to be set equal to HPBW. Currently, no information is attached to RoAoA with respect to declared sensitivity level, except that the declared EIS shall be fulfilled within the RoAoA. Potentially, if HPBW would be associated to RoAoA, more testing would be needed. 
Using this approach further work is needed on the requirement definition of OTA sensitivity, where EIS is supposed to be met within a OSDD.

2.2
Option 2
For this option the directivity is estimated using information relevant for typical AAS BS class deployments and frequency band. The frequency domain can be split up in three main portions as showed in Table 2.2.1.
Table 2.2-1: Frequency regions

	Frequency Range [MHz]
	Frequency Region

	450-1500
	Low 

	>1500-2500
	Mid

	>2500-3800
	High


The reasoning behind the frequency portioning is that the passive antenna gain, typically differ between low, mid and high frequency regions. 
The next step is to introduce a table that also incorporates deployment aspects such as directivity aspects. Instead of adding a value for directivity to the table, the concept of BS classes is used. The BS classes concept could be used to differentiate between low directivity for in-door local area base stations to high directivity for wide area base station considering current frequency support. If new frequency bands are added above 3800 MHz, high directivity for medium range and local area base station should also be considered.  
Table 2.2-1: Coverage types for different deployments

	Coverage type
	Description

	omni
	Omni directional directivity along one axis

	1-sector
	Typically, 90 degrees HPBW along vertical and horizontal axis

	3-sector
	65 degrees horizontal HPBW and 10 degrees vertical HPBW

	6-sector
	To be defined 

	Other
	To be defined if needed


It is not clear if all coverage types are relevant for all BS classes. An example table for all BS classes has been created in Table 2.2-2. The table is not complete but gives an overview on how the directivity could be captured for deriving the minimum level for OTA sensitivity. 
Table 2.2-2: Example table for directivity as function of deployment 
	BS Class
	Frequency
	Directivity [dBi]

	
	
	omni
	1-
sector
	3-sector
	6-sector
	

	WA
	Low
	
	
	15
	
	

	
	Mid
	
	
	17
	
	

	
	High
	
	
	
	
	

	MR


	Low
	
	
	
	
	

	
	Mid
	
	10
	
	
	

	
	High
	
	
	
	
	

	LA


	Low
	
	
	
	
	

	
	Mid
	3
	
	
	
	

	
	High
	
	
	
	
	


The two table above is captured in the TR for background information. But when the requirement is created another table with EIS values is capture in the specification, an example is given in Table 2.2-3. The table is currently empty; the intention now is just to show how the format looks like. 
Table 2.2-3: Minimum OTA sensitivity 

	BS Class
	Frequency
	EIS [dBm]

	
	
	omni
	1-
sector
	3-sector
	6-sector
	

	WA
	Low
	
	
	
	
	

	
	Mid
	
	
	
	
	

	
	High
	
	
	
	
	

	MR


	Low
	
	
	
	
	

	
	Mid
	
	
	
	
	

	
	High
	
	
	
	
	

	LA


	Low
	
	
	
	
	

	
	Mid
	
	
	
	
	

	
	High
	
	
	
	
	


3. Conclusion

The intension with this contribution is to describe the two different option that exists for deriving EIS minimum levels part of the minimum OTA sensitivity requirement. 

Option 1 gives a minimum OTA sensitivity level that is set with continuous granularity based on manufacturer declaration, while option 2 gives a minimum OTA sensitivity level that is set with discrete granularity based on declaration of indented usage. 

Our view is that minimum sensitivity requirement should be defined on a fixed baseline, therefore we suggest option 2.

It is acknowledged that more work is need to agree on parameters relevant for passive antenna scenarios to be used as baseline.
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