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1.
Introduction
At last RAN4 meeting in Dresden (RAN4#72) several contributions related to how to test OTA sensitivity was presented. 
In the agreed way forward [2] an open issue regarding the definition was identified. In the way-forward the issue was formulated as:

Formulation of the sensitivity requirement as either a common implementation-neutral reference sensitivity (possibly based on BS class) or based on vendor declaration.
Since EIS will carry information about radio characteristics, antenna characteristics and also interaction between radio and antenna, EIS will depend on directivity (amongst other things). The directivity properties of a base station depend of how it is deployed with respect to coverage area. It is reasonable to believe that different product variants of AAS wide area base stations suitable for different deployment scenarios will be available on the market. 

In [3] a concept where the measured EIS is normalized with an estimated directivity to get TRS was presented. The main idea is to set the requirement on TRS and thereby make the requirement independent of directivity. Also it was proposed to use DL directivity estimation for extracting UL directivity. 
This contribution continues to elaborate around different concepts of estimating AAS base station directivity.

2.
Discussion
The directivity properties of an AAS base station will vary due to base station class and product variants aimed for different deployment scenarios and coverage areas. 

For EIRP the RAN4 decision is to define a radiated TX power minimum requirement on the accuracy with which the base station manufacture declared EIRP level is met. By choosing this concept no absolute requirement levels, for different types of product variants needs to be captured in the specifications. 
Regarding radiated UL requirements, work is ongoing in RAN4 to define an OTA sensitivity requirement for AAS base stations. Two main approaches have been proposed so far:

1. Define a declaration base requirement, where the base station manufacturer declares the EIS to be better than a certain threshold.

2. Define an absolute minimum threshold per base station class as a TRS value, meaning that the directivity is removed.
For approach 2, a test method of capturing TRS for directive antenna must be identified. If a test method with acceptable uncertainty and test complexity can be found, TRS can be extracted from EIS and the directivity, according to the expression in figure 2-1. The relation of the received power at the transceiver boundary and TRS and EIS is showed in figure 2-1. For wide area AAS base stations it is essential that EIS is actually measured.



[image: image12.png]Requirement

s

Test parameter Estimation



            
Figure 2-1: Relation between requirement and test parameter
There are several different ways of determining the directivity of an array antenna system; some of them are listed below:

1. The directivity can be calculated exactly from the full-sphere radiation pattern. 

2. For element separation of 0.5, the directivity can be easily estimated.

3. For systems with narrow main beams the directivity can be estimated from half-power beam-widths.
The directivity of an array antenna is determined by the array geometry with respect to placement of elements. The element separation and number of elements determines the directivity. The directivity of an array antenna can be evaluated by analysing the array factor, assuming the element factor to be uniform. In figure 2-2, the directivity for an ULA antenna with 2, 4, 8 and 10 elements is plotted as function of element separation.
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Figure 2-2: Array antenna directivity as function of element separation
The curves show how the directivity increases with element separation as the antenna aperture area is growing to a point where the grating-lobes start to degrade the directivity of the main beam. It can also be noted that for element separation 0.5 and  the directivity is equal to 10log(N). In the region in between 0.5 and  witch is of most interest for beam-forming capable system. For an ULA with 10 elements, the directivity variation in this region is approximate 2 dB. 
For element separation of 0.5-1  and uniform amplitude and no phase progression applied the following expression gives an estimated of the directivity:
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,where Del is the element directivity.

Another way of estimating the directivity is to use beam characteristics, such as beam-width and side-lobe suppression level. Instead calculating the exact directivity from full-sphere radiation pattern information, it is often convenient to use simpler expressions. For antennas with one narrow main beam and very negligible side lobes, the beam solid angle is approximately equal to the product of the half-power beam-widths (HPBW) in two perpendicular planes.
The beam-width is not constant over aggressive steering angles, as showed in figure 2-3. 
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Figure 2-3: Beam-width as function of tilt-angle
According to antenna theory [1], the directivity can be estimated in decibel using the following expression:
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As mentioned above the given approximation is suitable for estimating directivity of passive antennas, such as parabolic reflector antennas and other fixed beam antennas. For planar arrays, a better approximation [1] is:
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In this contribution the accuracy of the estimation is evaluated for an array antenna, where the beam pointing direction is swept from 0 to 40 degrees down-tilt. Let’s assume a 10 element ULA antenna where element separation is 0.7 with element characteristics according to TS 37.842, table 5.3.3.1-1 with parameters as follows: Vertical HPBW is set to 75 degrees and horizontal HPBW is set to 65 degrees.
In figure 2-4, two curves is plotted, the solid curve shows the calculated directivity form the array antenna and the dashed curve shows the estimated directivity based on earlier approximation. 
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Figure 2-4: Estimation of directivity from beam-width
As expected the figure shows how the exact directivity drops for large steering angles. This phenomenon is called scan-loss and is described for DL and UL in companion contributions [4, 5]. It also noticed the directivity estimation without down-tilt is close the exact directivity.
According to a proposal presented last meeting [3], EIS is tested, the directivity estimated and the OTA sensitivity requirement defined as a TRS requirement as a pass/fail threshold. With this approach the requirement is tested by measure something else and then transform the measurement result to the same figure of merit as the requirement. As showed in the analysis above, the transformation will add uncertainty not capture by the RF core requirement. 
The conducted reference sensitivity is currently differentiated by means of the base stations classification framework, where different sensitivity thresholds for Wide Area, Medium Range and Local Area base stations. For OTA sensitivity the spatial domain is also added as a requirement differentiator. For a Wide area deployment different types of antennas with different gain may be needed. The gain variation for a Wide area deployment is in the range of 15-23 dBi.
With the current framework in 3GPP, DL and UL RF core requirements are kept independently, meaning that for AAS RF core requirement the directivity for DL can’t be assumed to be equal for UL. 

3.
Conclusion

This contribution presents different ways of estimate the directivity of an array antenna. The characteristics between exact calculated directivity are compared with estimated directivity for different signal angle of arrivals. The outcome is that it is difficult to find a model or transformation that can be agreed in RAN4 and used to normalize EIS to TRS. The analysis shows that the uncertainty of the transformation is larger than the uncertainty added by the test methodology. 

It is suggested to define OTA sensitivity as EIS for wide area base stations with a corresponding test method where EIS is measured, without any normalization.
It is also important to note the a normalized EIS is not equivalent with conducted reference sensitivity, since a radiated figure of merit captures more than receiver noise figure. 
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